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(54) HUMIDIFYING APPARATUS 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve water recovery 
rate by constructing an apparatus such that water is 
satisfactorily exchanged, even at the end of hollow string 
bundle. 

SOLUTION: A hollow string film bundle 21 b, which is 
obtained by binding water permeable hollow string films 
disposed longitudinally of a housing 21a, are contained in the 
housing 21a. Drying air flows to the outside of the hollow 
string films and off gas flows to the inside of the hollow 
string film for water exchange to humidify the drying air. In 
the housing 21a, there are disposed perpendicularly in the 
direction of the off gas in which the direction the off gas 
flows to and the direction of the drying air in which direction 
the drying gas flows. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The humidification equipment which carries out the conduction of the gas 
from which a moisture content differs on many the insides and the outsides of a 
hollow fiber of water permeability, respectively, and is characterized by to be 
constituted so that it may be the direction where the direction as for which a gas with 
many moisture contents carries out conduction, and the direction a gas with few 
moisture contents carries out [ a direction ] conduction cross in the humidification 
equipment which performs moisture exchange between said gases and humidifies few 
desiccation gases of a moisture content. 

[Claim 2] Humidification equipment according to claim 1 characterized by being the 
direction where said crossing direction intersects perpendicularly. 



[Translation done.] 
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* NOTICES * 

JPO and NGIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect 
the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the humidification equipment using a 

hollow fiber in more detail about humidification equipment. 

[0002] 

[Description of the Prior Art] In recent years, the fuel cell attracts attention as a 
source of power of an electric vehicle etc. There is the so-called thing of a polymer 
electrolyte fuel cell in this fuel cell. In this solid-state macromolecule type of fuel cell, 
the humidification equipment which carries out moisture exchange of the moisture of 
the off^gas which is the humid gas discharged from the fuel cell at a desiccation gas is 
used. As humidification equipment used for such a fuel cell, what has few power 
consumption is suitable, moreover, an installation tooth space is small — so to speak, 
compactability is searched for. Therefore, although there are classes, such as 
ultrasonic humidification, steam humidification, evaporation type humidification, and 
nozzle injection, as humidification equipment, the thing using the hollow fiber as 
humidification equipment used for a fuel cell is used suitably. 
[0003] There are some which were indicated by JP,7-71795,A as humidification 
equipment using the conventional hollow fiber. If this humidification equipment is 
explained using drawing 10 , humidification equipment 100 has housing 101. The first 
tap hole 103 which discharges the first input 102 and desiccation air which introduce 
desiccation air is formed in housing 101, and the hollow fiber bundle 104 which 
consists of 5000 hollow fibers is contained in large numbers inside housing 101. 
[0004] Moreover, fixed part 105,105 ? which fixes the both ends of the hollow fiber 
bundle 104 in the state of opening is prepared in the both ends of housing 101. The 
second input 106 which introduces humid air is formed in the outside of a fixed part 
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105, and the second tap hole 107 which discharges the humid air separated and 
removed in moisture by the hollow fiber bundle 104 is formed in the outside of fixed 
part 105\ Furthermore, fixed part 105,105' is covered with the second cylinder-head 
cover 108 and second cylinder-head cover 109, respectively. Moreover, the second 
input 106 is formed in the first cylinder-head cover 108, and the second tap hole 107 
is formed in the second cylinderHiead cover 109. 

[0005] Thus, in the humidification equipment 100 using the constituted hollow fiber, if 
the inside of each hollow fiber which supplies humid air from the second input 106, and 
constitutes the hollow fiber bundle 104 is passed, it will be separated by the capillary 
action of a hollow fiber, and the moisture in humid air will penetrate the inside of the 
capillary tube of a hollow fiber, and will move to the outside of a hollow fiber. The 
humid air made to separate moisture is discharged from the second tap hole 107. 
[0006] On the other hand, desiccation air is supplied from the first input 102. The 
desiccation air supplied from the first input 102 carries out conduction of the outside 
of the hollow fiber which constitutes the hollow fiber bundle 104. The moisture which 
you were made to separate from humid air is moving to the outside of a hollow fiber, 
and desiccation air is humidified by this moisture. And it is discharged by the 
humidified desiccation air from the first tap hole 103. 
[0007] 

[Problem(s) to be Solved by the Invention] However, in the conventional 
humidification equipment 100 shown in drawing 10 , the first input 102 which 
introduces desiccation air is formed in the location which came together in the center 
in the longitudinal direction of housing 101. For this reason, within housing 101, as a 
black arrow head shows, as for the desiccation air passing through the outside of the 
hollow fiber in the hollow fiber bundle 104 contained by housing 101, that most is 
flowing the longitudinal direction center section in housing 101. Therefore, in the area 
S and S which visited the edge in the hollow fiber bundle 104, since sufficient moisture 
exchange was not performed, there was a problem that water recovery will become 
low, to the water permeate flow in a hollow fiber. 

[0008] Then, the technical problem of this invention is shown in aiming at 
improvement in water recovery by enabling it to perform moisture exchange enough 
also at the edge in a hollow fiber bundle. 
[0009] 

[Means for Solving the Problem] Invention concerning claim 1 of this inventions which 
solved said technical problem is humidification equipment which carries out the 
conduction of the gas from which a moisture content differs on many the insides and 
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the outsides of a hollow fiber of water permeability , respectively , and is characterize 
by to be constitute so that it may be the direction where the direction as for which a 
gas with many moisture contents carries out conduction , and the direction a gas with 
few moisture contents carries out [ a direction ] conduction cross in the 
humidification equipment which performs moisture exchange between said gases and 
humidifies few desiccation gases of a moisture content . It comes out. 
[0010] In invention concerning claim 1, it is the direction where the direction as for 
which a gas with many moisture contents (henceforth a "humid gas") carries out 
conduction, and the direction a gas (henceforth a "desiccation gas") with few 
moisture contents carries out [ a direction ] conduction cross. For this reason, on the 
whole ranging from the edge to a center section of housing, moisture exchange can be 
equally performed between a humid gas and a desiccation gas. Therefore, since 
moisture is efficiently recoverable from the whole hollow fiber, water recovery can be 
raised. In addition, it is the semantics of extent of not being parallel to "the crossing 
direction" said to this invention. The include angle of the direction which specifically 
becomes 90 degrees or less of the angle of the direction as for which a humid gas 
carries out conduction, and the direction as for which a desiccation gas carries out 
conduction to make is not 0 degree, and makes proper include angles, such as 15 
degrees, 30 degrees, 45 degrees, and 60 etc. degrees. Moreover, it does not need to 
specify especially this include angle. Moreover, the direction where a humid gas and a 
desiccation gas cross will be turned to, in order to carry out conduction, when a humid 
gas passes through the inside of a hollow fiber, a desiccation gas turns to the direction 
which intersects a hollow fiber, conduction will be carried out, for example, a 
desiccation gas path will be formed. On the other hand, it becomes the reverse when a 
desiccation gas carries out conduction of the inside of a hollow fiber. 
[0011] Invention concerning claim 2 is humidification equipment according to claim 1 
characterized by being the direction where said crossing direction intersects 
perpendicularly. 

[0012] In invention concerning claim 2, conduction of the direction where a humid gas 
and a desiccation gas intersect perpendicularly is turned to and carried out. If it puts 
in another way, as for this direction that intersects perpendicularly, the direction as 
for which a humid gas carries out conduction, and the direction a desiccation gas 
carries out [ a direction ] conduction will make 90 degrees. Thus, the direction where 
a humid gas and a desiccation gas intersect perpendicularly is turned to, and since 
conduction is carried out, ranging from the edge to a center section of the longitudinal 
direction of a hollow fiber, moisture exchange can be performed between a humid gas 
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and a desiccation gas overall still more equally. Therefore, the water recovery as the 

whole can be raised further. 

[0013] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is 
concretely explained with reference to a drawing. The whole fuel cell system 
configuration and operation to which the humidification equipment which is the 
explanatory view [Hzing / the configuration of a fuel cell / drawing 2 /, and / with the 
explanatory view / the ** type ], and which is first applied to the gestalt of operation 
of this invention with reference to drawing 1 is applied are explained. [ drawing 1 ] 
[ the whole fuel cell system block diagram ] 

[0014] The fuel cell system FCS consists of the fuel cell 1 of a solid-state 
macromolecule mold, humidification equipment 2, vapor-liquid-separation equipment 3, 
an air compressor 4, a combustor 5, the fuel evaporator 6, a reforming machine 7, a 
CO removal machine 8, water, methanol mixed liquor storage tank (henceforth "tank") 
T, etc. 

[0015] The interior of a fuel cell 1 is divided into oxygen pole side 1a and hydrogen 
pole side 1 b, the humidification air as oxidizing agent gas is supplied to oxygen pole 
side 1a, and the hydeogen-rich gas as fuel gas is supplied to hydrogen pole side 1b. 
And it generates electricity by carrying out the chemical reaction of hydrogen and the 
oxygen through an electrolyte membrane, and taking out electrical energy from 
chemical energy. 

[0016] Humidification air is generated by compressing and humidifying the air which is 
a desiccation gas. Here, an air compressor 4 performs compression of air and 
humidification equipment 2 performs humidification. Although made by exchanging 
moisture between the off^gas which humidification of the air in humidification 
equipment 2 is discharged from oxygen pole side of fuel cell 11a, and contains 
moisture so much, and the air in which only small quantity contains moisture relatively, 
this point is later explained to a detail. 

[0017] On the other hand, fuel gas generates the mixed liquor of the water which is a 
original fuel, and a methanol by performing evaporation, reforming, and CO removal. 
Here, evaporation of a original fuel is the fuel evaporator 6, reforming is the reforming 
machine 7 and CO removal machine 8 performs CO removal. 

[001 8] The original fuel stored in Tank T is supplied to the fuel evaporator 6 through 
Pump P, the original fuel gas which evaporated with the fuel evaporator 6 is supplied 
to the reforming machine 7, and the fuel gas by which reforming was carried out with 
the reforming vessel 7 is supplied to CO removal machine 8. In addition, with the 
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reforming vessel 7, steam reforming and partial oxidation of a methanol are performed 
under existence of a catalyst. Moreover, with CO removal vessel 8, selective oxidation 
is performed under existence of a catalyst and CO is converted into C02. CO removal 
machine 8 consists of two, a No.ICO removal machine and a No.2CO removal machine, 
in order to reduce the concentration of CO as much as possible. Moreover, the air for 
selective oxidation is supplied to CO removal machine 8 from an air compressor 4. 
[0019] In addition, although the off-gas of hydrogen pole side 1b containing the 
off-gas and the unused hydrogen of oxygen pole side 1a which contains so much the 
water which is a resultant occurs in coincidence from a fuel cell 1, after the off^gas of 
oxygen pole side 1a is used for humidification of air with a humidifier 2 as 
aforementioned, it is mixed with the off-gas of hydrogen pole side 1b, and moisture is 
removed by vapor-liquid-separation equipment 3. And the off-gas with which 
moisture was removed burns with a combustor 5, and is used as a heat source of the 
fuel evaporator 6. In addition, an auxiliary fuel and air, such as a methanol, are supplied, 
the lack of a heating value of the fuel evaporator 6 is compensated, or warming up at 
the time of starting of the fuel cell system FCS is performed to a combustor 5. 
[0020] Next, with reference to drawing 2 , the configuration and operation of a fuel cell 
which make the nucleus of a fuel cell system are explained. And it has expressed it as 
a single eel of one sheet (a fuel cell 1 is constituted in fact as a layered product which 
carried out the laminating of the about 200 single eels). [ the fuel cell 1 in this drawing 
2 ] [ that configuration ] [ a ** type ] 

[0021] As shown in drawing 2 , it is divided into oxygen pole side 1a and hydrogen pole 
side 1b on both sides of an electrolyte membrane 13, the electrode which included the 
catalyst of a platinum system in the each side is prepared, and the fuel cell 1 forms 
the oxygen pole 12 and the hydrogen pole 14. and the hydrogen which conduction of 
the humidification air humidified with humidification equipment 2 as oxidizer gas was 
carried out to the oxygen pole side gas passageway 11, and was generated from the 
original fuel in the hydrogen pole side gas passageway 1 5 — conduction of the rich 
fuel gas is carried out. The thing using the perphloro carbon sulfonic-acid film which is 
a solid-state poly membrane, for example, the proton exchange film, as an electrolyte 
membrane 13 as an electrolyte is known. By having and carrying out the saturation 
water of many proton exchange groups into a solid-state macromolecule, in ordinary 
temperature, this electrolyte membrane 13 shows the low specific resistance below 
20ohm-proton, and functions as a proton conductive electrolyte. Therefore, the 
proton which hydrogen ionized and generated on the hydrogen pole 14 under 
existence of a catalyst moves easily in the inside of an electrolyte membrane 13, and 
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arrives at the oxygen pole 1 2. And the proton which arrived at the oxygen pole 1 2 
reacts immediately with the oxygen ion generated from the oxygen under existence of 
a catalyst and in humidification air, and generates water. The generated water is 
discharged from the outlet of oxygen pole side 1a of a fuel cell 1 with humidification air 
as off-gas which is a humid gas. In addition, although electronic e- generates on the 
hydrogen pole 14 in case hydrogen ionizes, this generated electronic e- arrives at the 
oxygen pole 12 via the external loads M, such as a motor. 

[0022] Thus, a fuel cell 1 is supplied by making humidified humidification air into 
oxidizer gas because the proton conductivity in an electrolyte membrane 13 will 
become low and generating efficiency will fall, if an electrolyte membrane 13 dries. 
Therefore, in the fuel cell system FCS which uses the fuel cell 1 of a solid-state 
macromolecule mold, humidification has an important meaning. 
[0023] Then, the concrete configuration of the humidification equipment applied to 
this invention with reference to drawing 3 and drawing 4 is explained. In addition, in 
drawing 3 thru/or drawing 9 , a white arrow head shows the flow of off-gas, and a 
black arrow head shows the flow of dry air (humidification air). The perspective view of 
the humidification equipment which drawing 3 (a) requires for this invention, and (b) 
are the plane section Fig. As shown in drawing 3 , the humidification equipment 2 
concerning this invention has three hollow fiber modules 21 A, 21 B, and 21 C which are 
the same structures, and these three hollow fiber modules 21 A, 21 B, and 21 C are 
arranged and contained by juxtaposition in the case 22. 

[0024] If the structure of these hollow fiber modules is explained with reference to 
drawing 4 , the hollow fiber module 21 has rectangular parallelepiped-like housing 21a, 
and hollow fiber bundle 21b which consists of thousands of hollow fibers of water 
permeability allotted along with that longitudinal direction in this housing 21a is 
contained. The off-gas which is the humid gas of this invention carries out conduction 
of the inside of this hollow fiber, and the dry air which is a desiccation gas carries out 
conduction of that outside. 

[0025] Furthermore, two or more dry air input 21 c1, 21 c1, and 21 d estrange the field 
of the near side in the longitudinal direction right-hand side one half of housing 21a to 
the longitudinal direction of housing 21a, and it is formed. The thing of the longitudinal 
direction of housing 21a currently formed most outside is formed near the edge of 
housing 21a among these dry air input 21 d, 21 d, and 21 d. For this reason, 
conduction of the off-gas which carries out conduction of the inside of a hollow fiber, 
and the dry air used as the desiccation gas which flows from the dry air input 21 d, 
21 c1, and 21 d is carried out in the direction which intersects perpendicularly. 
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Therefore, dry air can be supplied almost equally over the whole hollow fiber bundle 
21b in housing 21a. In addition, it means potting sections [ which are mentioned later / 
21f and 21 g ] near its **** near the edge of housing 21a here. Moreover, as a 
concrete value "near the edge", it can consider as the location of 1 cm from an edge. 
Or it can consider as the location of 3cm from an edge, or can consider as proper 
locations, such as a location of 5cm and 10cm. Furthermore, since the dry air input 
21 c1 and 21 c1 — can supply a desiccation gas having formed also in the longitudinal 
direction center section of housing 21a more equally [ direction ], they are suitable. 
[0026] Moreover, 1 [ 21 d / of two or more dry air tap holes where dry air flows out /d 
/ 1 or 21 d / 1 or 21 d ] is formed in the field which counters the field in which the dry 
air input 21 c1, 21 c1, and 21 c1 are formed, furthermore, in the field in which it is the 
left half of housing 21 a, and 1 [ 21 d / of dry air tap holes /d / 1 or 21 d / 1 or 21 d ] is 
formed 2 [ 21 d / of two or more dry air tap holes where dry air flows out /d / 2 or 21 d 
/ 2 or 21 d ] is formed in the field which counters the field in which the dry air input 
21 c2 where dry air flows, 21 c2, and 21 c2 are formed in, and the dry air input 21 c2, 
21 c2, and 21 c2 are formed. 

[0027] Such dry air input 21 c2, 21 c2 — , 21 d [ of dry air tap holes ] 1 or 21 d1 — , and 
the thing of a longitudinal direction [ in / respectively / on 21 d 2 or 21 d2 — and / 
housing 21a ] located most outside are formed near the edge of housing 21a. 
[0028] Moreover, potting is carried out, as hollow fiber bundle 21b contained by 
housing 21a prepares the hollow fiber of water permeability which has a hollow path in 
potting section 21 e and a center section at the end section of a longitudinal direction 
and prepares 21 g of potting sections in 21 f of potting sections, and the other end in a 
thousands of bundle. Moreover, the outside of the hollow fiber in the part surrounded 
in the outside of the hollow fiber in the part surrounded in housing 21a and the potting 
sections 21 e and 21f and housing 21a, and the potting sections 21f and 21 g is 
maintained at the airtight condition, respectively. In this way, since the inside of 
housing 21a is divided with 21f of potting sections, he is trying, as for the dry air which 
passes through the outside of an inner hollow fiber, for left-hand side or its thing 
[ moving directly conversely ] not to exist from right-hand side into housing 21a. Such 
a hollow fiber module 21 inserts the bundle of the hollow fiber of a predetermined 
number in housing 21a, and after carrying out adhesion immobilization of near the both 
ends enough with adhesives and forming the potting sections 21 e, 21 f, and 21 g, it is 
created by carrying out cutting removal of the bundle of a hollow fiber along the both 
ends of housing 21a. 

[0029] While off-gas input 21 i for introducing off-gas is formed, off-gas tap hole 21j 
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out of which off-gas flows into the other end is formed in the end section of this 
housing 21a. The off-gas which flowed from off-gas input 21 i flows out of off-gas tap 
hole 21j through the inside of the hollow fiber contained by housing 21a. 
[0030] Moreover, as shown in drawing 3 , off-gas outlet 22b out of which off-gas 
inlet-port 22a and off-gas with which off-gas flows flow into the case 22 where three 
hollow fiber modules 21 A, 21 B, and 21 C were contained is formed. Furthermore, 22d of 
humidification air outlets out of which the humidification air which comes to humidify 
dry air inlet-port 22c and dry air which flow dry air flows into a case 22 is formed. 
[0031] Moreover, as shown in drawing 3 (b), off^gas inlet-port 22a is open for free 
passage to off-gas inlet-port path 22e. Each end section of the hollow fiber modules 
21 A, 21 B, and 21 C is arranged at this off^gas inlet-port path 22e, and the off^gas 
input 21 i, 21 i, and 21 i of the hollow fiber modules 21 A, 21 B, and 21 C is open for free 
passage to off-gas inlet-port path 22e, respectively. From this off^gas inlet-port path 
22e, off-gas flows in the hollow fiber of the hollow fiber modules 21 A and 21 B and the 
hollow fiber bundles 21b, 21b, and 21b contained in 21 C. 

[0032] furthermore, each of the hollow fiber modules 21 A, 21 B, and 21 C — 22f of 
off^gas outlet paths is formed in the edge side, and the off^gas tap holes 21j, 21j, and 
21j of the hollow fiber modules 21 A, 21 B, and 21 C are open for free passage to 22f of 
off^gas outlet paths. Conduction of the off-gas which carried out conduction of the 
interior of the hollow fiber in the hollow fiber modules 21 A and 21 B and the hollow 
fiber bundles 21b, 21b, and 21b contained in 21 C, respectively is carried out to 22f of 
ofl^gas outlet paths. Moreover, 22f of off^gas outlet paths is open for free passage to 
22d of off-gas outlets, and the off^gas which carried out conduction of the 22f of the 
off^gas outlet paths is discharged from 22d of off-gas outlets. 

[0033] On the other hand, in the right half part of a case 22, dry air inlet-port 22c into 
which dry air is introduced is open for free passage with the dry air input 21 d in 
hollow fiber module 21 C arranged most near this dry air inlet port 22. Moreover, the 
hollow fiber modules 21 B and 21 C are arranged so that 1 and the dry air input 21 c1 in 
hollow fiber module 21 B arranged in the location of middle may be [ 21 d of dry air input 
in hollow fiber module 21 C ] open for free passage. Moreover, the hollow fiber modules 
21 B and 21 A are also in the same physical relationship. 1 is [ 21 d of dry air input in 
hollow fiber module 21 A arranged in the most distant location from dry air inlet-port 
22c ] open for free passage on 22g of dry air clinch ways formed in the case 22. On 
22g of this dry air clinch way, the direction dry air carries out [ a direction ] 
conduction is reversed. 

[0034] Moreover, in the left half part in a case 22, 22g of dry air clinch ways and the 
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dry air input 21 c2 in hollow fiber module 21 A are open for free passage. Moreover, 2 
and dry air input 21c in hollow fiber module 21 B have faced each other 21 d of dry air 
tap holes in hollow fiber module 21 A. Moreover, the hollow fiber modules 21 B and 21 C 
are also in the same physical relationship as the hollow fiber modules 21 A and 21 B. 
[0035] In this way, the dry air which flowed from dry air inlet-port 22c in a case 22 
flows into 22g of dry air clinch ways through the inside of the hollow fiber modules 21 A 
and 21 B and 21 C. In the meantime, dry air constitutes the desiccation gas path of this 
invention which carries out conduction in the direction which intersects 
perpendicularly with the hollow fiber bundles 21 b f 21b, and 21b in the hollow fiber 
modules 21 A and 21 B and 21 C. Moreover, conduction of the dry air turned up on 22g 
of dry air clinch ways is similarly carried out along the direction which intersects 
perpendicularly with the hollow fiber bundles 21b, 21b, and 21b into the hollow fiber 
modules 21 A and 21 B and 21 C. 

[0036] Next, an operation of the humidification equipment 2 applied to this invention 
with reference to drawing 3 and drawing 4 is explained. As shown in drawing 3 , the 
off-gas shown by the white arrow head flows into humidification equipment 2 from 
off-gas input 22a of a case 22. The off-gas which flowed into the case 22 arrives at 
the off^gas inlet ports 21 i, 21 i, and 21 i of the hollow fiber modules 21 A, 21 B, and 21 C 
via off-gas inlet-port path 22e. The off-gas which flowed in the hollow fiber modules 
21 A and 21 B and 21 C through these ofl^gas inlet ports 21 i, 21 i f and 21 i branches 
towards each hollow fiber in the hollow fiber bundles 21b, 21b, and 21b, and carries out 
conduction of that inside. 

[0037] The off-gas which carried out conduction of the inside of a hollow fiber 
escapes from each hollow fiber, comes out, arrives at the off-gas outlets 21j, 21j, and 
21j, and is discharged from the off^gas exhaust ports 21j, 21j, and 21j. The off-gas 
discharged from the off^gas exhaust ports 21j, 21j, and 21 j carries out conduction of 
the 22f of the off-gas outlet paths of a case 22, and reaches off-gas tap hole 22b. 
Then, off-gas faces to the vapor-liquid-separation equipment 3 of the latter part 
which it is discharged from off-gas tap hole 22b, and is shown in drawing 1 . 
[0038] On the other hand, the dry air shown by the black arrow head goes into 
humidification equipment 2 from dry air input 22c of a case 22, and is introduced in a 
right half hollow fiber module 21 C side from the dry air input 21 d formed in the left 
half side of hollow fiber module 21 C arranged most near the dry air input 22c. The dry 
air introduced in the left half hollow fiber module 21 C side is in hollow fiber module 
21 C, carries out conduction of the outside of a hollow fiber in the direction of a short 
hand, and is discharged from 1 21 d of dry air exhaust ports. 
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[0039] Now, to dry air carrying out conduction in the direction of a short hand of 
hollow fiber module 21 C f conduction of the off-gas is carried out to the longitudinal 
direction of hollow fiber module 21 C, and conduction of a desiccation gas and the 
off-gas is carried out, intersecting perpendicularly. For this reason, a desiccation gas 
can fully perform moisture exchange between off-gas. Therefore, it contributes to 
improvement in water recovery. 

[0040] Here, since the right half and the left half are made the airtight condition by 21f 
of potting sections, dry air does not move the inside of hollow fiber module 21 C to 
left-hand side directly from right-hand side within hollow fiber module 21 C. 
[0041] When dry air carries out conduction of the inside of hollow fiber module 21C, 
dry air carries out conduction of the outside of a hollow fiber, off-gas is carrying out 
conduction inside the hollow fiber, and moisture is separated from off-gas by the 
hollow fiber. The dry air which carries out conduction of the outside of a hollow fiber is 
humidified by this separated moisture. 

[0042] If this point is explained further, conduction of the off-gas containing many 
moisture will be carried out inside a hollow fiber, and conduction of the dry air which 
does not contain a little moisture relatively [ outside ] will be carried out. Then, in the 
inside of a hollow fiber, the moisture in off-gas condenses and, outside, moisture 
evaporates by dry air. The moisture of the off-gas condensed from the inside of a 
hollow fiber inside towards the outside to coincidence is supplied by capillarity. 
Thereby, humidification of the dry air which carries out conduction of the outside of a 
hollow fiber is performed. That is, in a hollow fiber, water transparency (water 
separation) is performed by making into driving force the difference of the moisture 
content of the gas which carries out conduction of the inside and the outside of a 
hollow fiber. 

[0043] The dry air discharged from 1 21 d of dry air exhaust ports of hollow fiber 
module 21 C flows in hollow fiber module 21 B from the dry air input 21 c1 of hollow fiber 
module 21 B arranged right in the middle. Within hollow fiber module 21 B, moisture 
exchange is performed like the inside of hollow fiber module 21 C, and it is discharged 
from 1 21 d of dry air exhaust ports in hollow fiber 21 B. The dry air discharged from 
hollow fiber module 21 B passes through the inside of hollow fiber module 21 A similarly, 
and is discharged from 1 21 d of dry air exhaust ports of hollow fiber module 21 A. 
[0044] The dry air discharged from 1 21 d of dry air exhaust ports of hollow fiber 
module 21 A flows into 22g of dry air clinch ways in a case 22, and a flow direction is 
reversed on 22g of dry air clinch ways. The dry air by which the flow direction was 
reversed flows into the left half side of hollow fiber module 21 A from the dry air input 
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21 c1 formed in the left half side of hollow fiber module 21 A. 

[0045] Conduction of the inside of hollow fiber module 21 A is carried out to the left 
half side of hollow fiber module 21 A in the direction of a short hand like a right half 
side, and it is discharged from 2 21 d of dry air exhaust ports. Here, conduction of the 
off-gas is carried out to the longitudinal direction of hollow fiber module 21 A. 
Therefore, carrying out conduction of off-gas and the dry air toward the direction 
which intersects perpendicularly, respectively, moisture exchange is performed and 
dry air is humidified. 

[0046] As it is, it is discharged from 2 21 d of dry air exhaust ports of hollow fiber 
module 21 C which dry air carries out conduction of the right half, respectively, is 
humidified, serves as humidification air, and is located most in near at 22d of 
humidification air outlets of the hollow fiber modules 21 B and 21 C. In this way, the 
humidification air discharged from 2 21 d of dry air exhaust ports is discharged from 
22d of humidification air outlets in a case 22, and is supplied to the 
vapor-liquid-separation equipment 3 of the latter part shown in drawing 1 . 
[0047] Thus, when dry air carries out conduction of the inside of the hollow fiber 
modules 21 C and 21 B and 21 A, moisture exchange is performed between off-gas and 
dry air turns into humidification air. In this process, since off-gas is turning to and 
carrying out conduction of the longitudinal direction of the hollow fiber modules 21 C, 
21 B, and 21 A to dry air turning to the direction of a short hand of the hollow fiber 
modules 21 C, 21 B, and 21 A, and carrying out conduction, while dry air and off-gas 
move in the direction which intersects perpendicularly, moisture exchange is 
performed. For this reason, a desiccation gas can be contacted almost equally over 
the whole hollow fiber. Therefore, since moisture is efficiently recoverable from the 
whole hollow fiber, water recovery can be raised. 

[0048] Next, the 2nd operation gestalt of this invention is explained. X-X-ray sectional 
view of (a) and (c of the sectional side elevation of the humidification equipment which 
drawing 5 (a) requires for the 2nd operation gestalt of this invention, and (b)) are the 
Y-Y line sectional views of (a). 

[0049] As shown in drawing 5 (a) thru/or (c), the humidification equipment 30 
concerning this operation gestalt is equipped with four hollow fiber modules 31A-31D 
as shown in drawing 5 (b) and (c). These hollow fiber modules 31 A-31D have the same 
configuration. The hollow fiber modules 31A-31D have tubed housing 31a whose 
longitudinal section is a forward hexagon, respectively. Hollow fiber bundle 31b which 
consists of 5000 hollow fibers is contained in large numbers by this housing 31a. this 
hollow fiber bundle 31b — that direction of a shaft center — the longitudinal direction 
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of housing 31a — ** — it is made like and arranged. 

[0050] Two or more dry air input 31 c1 and 31 d — which flow dry air into the whole 
surface of the side faces of housing 31a in the left-hand side part of housing 31a in 
drawing 5 (a) are formed. Moreover, 31 d [ of dry air tap holes where dry air flows out ] 
1 or 31 d1 — is formed in the field which counters the dry air input 31 c1 and the field 
in which 31 c1 — is formed. Moreover, 31 d [ of dry air tap holes ] 1 or 31 d1 — is 
formed also in these fields and the field which makes the include angle of 90 degrees, 
respectively. 

[0051] Moreover, the dry air input 31 c2 and 31 c2 — into which dry air flows are 
formed in the field in which 31 d [ of dry air tap holes of the side faces of housing 31a 
in the left-hand side part of housing 31a ] 1 or 31 d1 — is formed in drawing 5 (a). 
Furthermore, in drawing 5 (a), dry air input 31c31d [ of dry air tap holes where dry air 
flows into the field in which 1 and 31 d — is formed ] 2 or 31 d2 of side faces of 
housing 31a in left-hand side part of housing 31a — is formed. In addition, such 
desiccation gas input 31 c1, 31 c1 — , and 31 c2, 31 c2 — and 31 d [ of desiccation gas 
tap holes ] 1 or 31 d1 — and the thing by which 31 d 2 or 31 d2 — is formed in each No. 
1 outside in housing 31a are formed near the edge of housing 31a like said 1st 
operation gestalt. 

[0052] Moreover, potting is carried out, as hollow fiber bundle 31b contained by 
housing 31a prepares the hollow filament of water permeability which has a hollow 
path in potting section 31 e and a center section at the end section of a longitudinal 
direction and prepares 31 g of potting sections in 31 f of potting sections, and the other 
end in a thousands of bundle. Moreover, the outside of the hollow fiber in the part 
surrounded in the outside of the hollow fiber in the part surrounded in housing 31a and 
the potting sections 31 e and 31f and housing 31a, and the potting sections 31f and 
31 g is maintained at the airtight condition, respectively. In this way, he is trying, as for 
the dry air which passes through the outside of a hollow fiber, for left-hand side or its 
thing [ moving directly conversely ] not to exist from right-hand side into housing 31a. 
Such a hollow fiber module 31 inserts the bundle of the hollow fiber of a 
predetermined number in housing 31a, and after carrying out adhesion immobilization 
of near the both ends enough with adhesives and forming the potting sections 31e, 31f, 
and 31 g, it is created by carrying out cutting removal of the bundle of a hollow fiber 
along the both ends of housing 31a. 

[0053] While off-gas input 31 i for introducing into the other end of this housing 31a 
the off-gas which is a humid gas is formed, off-gas tap hole 31j into which off-gas 
flows is formed in the end section. The off-gas which flowed from off-gas input 31 i 
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flows out of off^gas tap hole 31j through the inside of the hollow fiber contained by 
housing 31a. 

[0054] These four hollow fiber modules 31A-31D are contained by the case 32. 
Off-gas inlet-port 32a into which off-gas flows is formed in the other end of this case 
32, and other end and off-gas outlet 32b is formed in it. Moreover, dry air inlet-port 
32c which flows the dry air which is a desiccation gas is prepared in the end section 
side of a case 32. Furthermore, 32d of dry air tap holes where it comes to humidify dry 
air is established in the other end side of a case 32. 

[0055] Moreover, each other end of the hollow fiber modules 31A-31D is arranged at 
off-gas inlet-port 32a, and it is open for free passage to off-gas input 31 i in each 
hollow fiber module 31A-31D, and 31 i — . Hollow fiber bundles 31b and 31b contained 
in each hollow fiber module 31 A-31D through off-gas input 31 i and 31 i — from this 
ofFgas inlet-port 32a — Off^gas flows in a hollow fiber. The off^gas which passed the 
inside of a hollow fiber is the off-gas tap holes 31j and 31j formed in the end section of 
the hollow fiber modules 31A-31D. — Conduction is carried out. The off-gas which 
off-gas tap hole 31 j and 31 j — was open for free passage with off-gas outlet 32b in a 
case 32, and flowed out of off-gas tap hole 31j and 31j — is discharged from off-gas 
outlet 32b. 

[0056] On the other hand, in the left half part of a case 32, to dry air inlet-port 32c 
into which dry air is introduced, the dry air input 31 c1 in the hollow fiber modules 
31A-31D and the field in which 31 c1 — is formed have met, respectively, and such 
dry air inlet-port 32c, and the dry air input 31 c1 and 31 c1 — are open for free 
passage. Moreover, as shown in a case 32 at drawing 5 (b) and (c), 31 d [ of dry air tap 
holes formed in the hollow fiber modules 31A-31D ] 1 or 31 d1 — and the dry air paths 
32e, 32e, and 32e open for free passage are formed in three places. A desiccation gas 
carries out conduction to these on right-hand side from the left-hand side of a case 
32 by the desiccation gas paths 32e r 32e t and 32e. 

[0057] These desiccation gas paths 32e, 32e, and 32e are open for free passage with 
the dry air input 31 c2 and 31 c2 — which were formed in the left-hand side one half of 
the hollow fiber modules 31A-31D, respectively. This dry air input 31 c2 and the dry air 
which flowed from 31 c2 — are discharged from 31 d [ of dry air tap holes ] 2 or 31 d2 
— . 31 d [ of dry air tap holes ] 2 or 31 d2 — is open for free passage to 32d of dry air 
tap holes in a case 32, and the humidification air by which the dry air discharged from 
31 d [ of dry air tap holes ] 2 or 31 d2 — was humidified is discharged from 32d of dry 
air exhaust ports. 

[0058] In the 2nd operation gestalt which has this configuration, as shown in drawing 
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5 , the ofFgas shown by the white arrow head flows into humidification equipment 30 
from off-gas input 32a of a case 32. The off^gas which flowed into the case 32 
reaches off-gas inlet-port 31 i of the hollow fiber modules 31A-31D, and 31 i — . The 
off^gas which flowed in the hollow fiber module 31 - 31 D through this off-gas 
inlet-port 31 i and 31 i — branches towards each hollow fiber in hollow fiber bundle 31b 
and 31b — , and carries out conduction of that inside. 

[0059] The off-gas which carried out conduction of the inside of a hollow fiber 
escapes from each hollow fiber, comes out, reaches off-gas outlet 31j and 31 j — , and 
is discharged from off^gas exhaust port 31j and 31j — . The off^gas discharged from 
the off^gas exhaust ports 31j, 31j, and 31j faces to the vapor-liquid-separation 
equipment 3 of the latter part which it is discharged from off-gas tap hole 23a, and is 
shown in drawing 1 . 

[0060] On the other hand, the dry air which is the desiccation gas shown by the black 
arrow head goes into humidification equipment 2 from dry air input 32c of a case 32, 
and is introduced in a right half the hollow fiber modules 31A-31D side from the dry air 
input 31 c1 formed in the right half side of the hollow fiber modules 31 A-31 D, and 31 d 
— . The dry air introduced in the right half the hollow fiber modules 31 A-31 D side is in 
hollow fiber module 31 A - 31 D, carries out conduction of the outside of a hollow fiber 
in the direction of a short hand, and is discharged from 31 d [ of dry air exhaust ports ] 
1 or 31 d — . Although moisture exchange is performed between off-gas and dry air also 
in this operation gestalt at this time, that principle is the same as that of said 1st 
operation gestalt. Moreover, since the right half and the left half are made the airtight 
condition by 31 f of potting sections, dry air does not move the inside of hollow fiber 
module 31 A - 31 D to left-hand side directly from right-hand side within hollow fiber 
module 31 A - 31 D. 

[0061] At this time, conduction of a desiccation gas and the off-gas is carried out like 
said 1 st operation gestalt in this operation gestalt, intersecting perpendicularly. For 
this reason, a desiccation gas can fully perform moisture exchange between off^gas. 
Therefore, it contributes to improvement in water recovery. 

[0062] When dry air carries out conduction of the inside of hollow fiber module 31 A - 
31 D, dry air carries out conduction of the outside of a hollow fiber, off-gas is carrying 
out conduction inside the hollow fiber, and moisture is separated from off-gas by the 
hollow fiber. The dry air which carries out conduction of the outside of a hollow fiber is 
humidified by this separated moisture. About this principle, it is the same as that of 
said 1 st operation gestalt. 

[0063] Conduction of the dry air discharged from 31 d [ of dry air exhaust ports of the 
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hollow fiber modules 31 A-31D ] 1 or 31 d1 — is carried out to the dry air paths 32e, 
32e, and 32e formed in the case 32. The dry air which carried out conduction moves 
the dry air paths 32e, 32e f and 32e to right-hand side from the left-hand side of the 
case 32 shown in drawing 5 (a). The dry air which moved to right-hand side from the 
left-hand side of a case 32 flows in the dry air input 31 a2 in the hollow fiber modules 
31A-31D, and hollow fiber module 31 A - 31 D from 31 a2 — . The dry air introduced in 
the left half the hollow fiber modules 31A-31D side is in hollow fiber module 31 A - 31 D, 
carries out conduction of the outside of a hollow fiber in the direction of a short hand, 
and is discharged from 31 d [ of dry air exhaust ports ] 2 or 32d — . Since conduction of 
dry air and the off-gas is carried out in the direction which intersects perpendicularly, 
moisture exchange can fully be performed also here. 

[0064] It is humidified in the hollow fiber modules 31A-31D, and the humidification air 
discharged 31d [ of dry air tap holes formed in the right half side of the hollow fiber 
modules 31A-31D ] 2 or 31 d from 2 is discharged from 32d of humidification air 
outlets in a case 32, and is supplied to the vapor-liquid-separation equipment 3 of the 
latter part shown in drawing 1 . 

[0065] Thus, also in this operation gestalt, since off^gas is turning to and carrying out 
conduction of the longitudinal direction of the hollow fiber modules 31A-31D to dry air 
turning to and carrying out conduction of the direction of a short hand of the hollow 
fiber modules 31A-31D, while dry air and off-gas move in the direction which 
intersects perpendicularly, moisture exchange is performed. For this reason, a 
desiccation gas can be contacted almost equally over the whole hollow fiber. 
Therefore, since moisture is efficiently recoverable from the whole hollow fiber, water 
recovery can be raised. 

[0066] Then, the 3rd operation gestalt of this invention is explained. The perspective 
view of the humidification equipment which drawing 6 (a) requires for the 3rd 
operation gestalt, and (b) are the plane section Fig. 

[0067] As shown in drawing 6 , humidification equipment 40 has three hollow fiber 
bundle members 41 A, 41 B, and 41 C which are the same structures in this operation 
gestalt, and these three hollow fiber bundle members A, and 41 B and 41 C are 
arranged and contained by juxtaposition in the case 42. 

[0068] These hollow fiber bundle members 41 A, 41 B, and 41 C have hollow fiber bundle 
41b which consists of thousands of hollow fibers, it is a humid gas, off-gas carries out 
conduction of the inside of this hollow fiber, and a desiccation gas carries out 
conduction of the outside. Moreover, as 41 f of potting sections is prepared in potting 
41 e and a center section and 41 g of potting sections was prepared in the other end at 
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the end section of the longitudinal direction of the hollow fiber bundle members 41 A, 
41 B, and 41 C, potting of thousands of hollow fibers was carried out, and they are 
bundled. These potting sections 41 e f 41 f, and 41 g have stuck with the case 42, and 
the outside of the hollow fiber in the part surrounded in the outside of the hollow fiber 
in the part surrounded in a case 42 and the potting sections 41 e and 41f and a case 42, 
and the potting sections 41 f and 41 g is maintained at the airtight condition, 
respectively. In this way, he is trying, as for the dry air which passes through the 
outside of a hollow fiber, for left-hand side or its thing [ moving directly conversely ] 
not to exist from right-hand side into a case 42. 

[0069] While the off^gas input 41 i, 41 i, and 41 i for introducing ofF-gas is formed, the 
off^gas tap holes 41 j, 41j, and 41j where off-gas flows into the other end are formed in 
each end section of these hollow fiber bundle members 41 A, 41 B, and 41 C, 
respectively. The off-gas which flowed from such off^gas input 41 i flows out of 
off-gas tap hole 41j through the inside of the hollow fiber in the hollow fiber bundle 
members 41 A, 41 B, and 41 C. 

[0070] Moreover, as shown in drawing 6 (a) and (b), off-gas outlet 42b out of which 
off-gas inlet-port 42a and ofP-gas with which off^-gas flows flow into the case 42 
where three hollow fiber bundle members 41 A, 41 B, and 41 C were contained is formed. 
Furthermore, 42d of humidification air outlets out of which the humidification air which 
comes to humidify dry air inlet-port 42c and dry air which flow dry air flows into a case 
42 is formed. 

[0071] Moreover, as shown in drawing 6 (b), off-gas inlet-port 42a is open for free 
passage to ofF-gas inlet-port path 42e. Each end section of the hollow fiber bundle 
members 41 A, 41 B, and 41 C is arranged at this off^gas inlet-port path 42e, and the 
off-gas input 41 i, 41 i, and 41 i of the hollow fiber modules 41 A, 41 B, and 41 C is open 
for free passage to off^gas inlet-port path 42e, respectively. From this off-gas 
inlet-port path 42e, off-gas flows in the hollow fiber of the hollow fiber bundles 41b, 
41b, and 41b in the hollow fiber bundle members 41 A, 41 B, and 41 C. 
[0072] furthermore, each of the hollow fiber bundle members 41 A, 41 B, and 41 C — 
42f of off^gas outlet paths is formed in the edge side, and the off^gas tap holes 41j, 
41j, and 41j of the hollow fiber bundle members 41 A, 41 B, and 41 C are open for free 
passage to 42f of off-gas outlet paths. Conduction of the off-gas which carried out 
conduction of the interior of the hollow fiber which forms the hollow fiber bundles 41b, 
41b, and 41b in each of the hollow fiber bundle members 41 A, 41 B, and 41 C is carried 
out to 42f of off-gas outlet paths. Moreover, 42f of off-gas outlet paths is open for 
free passage to 42d of off-gas outlets, and the off-gas which carried out conduction 
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of the 42f of the off-gas outlet paths is discharged from 42d of off-gas outlets. 
[0073] On the other hand, in the right half part of a case 42, dry air inlet-port 42c into 
which dry air is introduced is open for free passage to hollow fiber bundle member 41 C 
arranged most near this dry air inlet-port 42c. And dry air carries out conduction in 
the direction of a short hand of hollow fiber bundle member 41 C, and reaches hollow 
fiber bundle member 41 B of middle. Then, conduction of the hollow fiber bundle 
member 41 B is carried out similarly, and conduction of the hollow fiber bundle member 
41 A arranged in the most distant location from dry air inlet-port 42c is carried out. 
The dry air which hollow fiber member 41 A arranged in the most distant location from 
dry air inlet-port 42c was open for free passage on 42g of dry air clinch ways formed 
in the case 42, and carried out conduction of the hollow fiber bundle member 41 A 
arrives at 42g of dry air clinch ways. On 42g of this dry air clinch way, the direction dry 
air carries out [ a direction ] conduction is reversed. 

[0074] Moreover, in the left half part in a case 42, 42g of dry air clinch ways is open for 
free passage to hollow fiber bundle member 41 A. And dry air carries out conduction in 
the direction of a short hand of hollow fiber bundle member 41 A, and reaches the next 
hollow fiber bundle member 41 B. Then, dry air carries out conduction in the direction 
of a short hand of the hollow fiber bundle members 41 B and 41 C similarly, and hollow 
fiber bundle member 41 C arranged in the location nearest to dry air inlet-port 42c is 
reached. Hollow fiber member 41 C arranged in the location nearest to dry air 
inlet-port 42c is open for free passage to 42d of humidification air formed in the case 
42. And the dry air which carried out conduction of hollow fiber bundle member 41 C is 
humidified by carrying out conduction of the hollow fiber bundle members 41 C, 41 B, 
and 41 A, turns into humidification air, and is discharged from 42d of humidification air 
outlets in a case 42. 

[0075] In the 3rd operation gestalt which has this configuration, as shown in drawing 6 , 
the off-gas shown by the white arrow head flows into humidification equipment 40 
from off-gas inlet-port 42a of a case 42. The off-gas with which the off^gas which 
flowed into the case 42 flowed into the case 42 arrives at the off-gas inlet ports 41 i, 
41 i, and 41 i of the hollow fiber members 41 A, 41 B, and 41 C via off-gas inlet-port path 
42e. The off-gas which flowed through these off-gas inlet ports 41 i, 41 i, and 41 i in the 
hollow fiber bundle members 41 A and 41 B and 41 C branches towards each hollow 
fiber in the hollow fiber bundles 41b, 41b, and 41b, and carries out conduction of that 
inside. 

[0076] The off-gas which carried out conduction of the inside of a hollow fiber 
escapes from each hollow fiber, comes out, arrives at the off-gas outlets 41j, 41j, and 
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41j, and is discharged from the off-gas outlets 41j, 41j, and 41j. The off-gas 
discharged from the off-gas outlets 41j, 41j, and 41j carries out conduction of the 42f 
of the off-gas outlet paths of a case 42, and reaches off-gas inlet-port 42b. Then, 
off^gas faces to the vapor-liquid-separation equipment 3 of the latter part which it is 
discharged from off-gas inlet-port 42b, and is shown in drawing 1 R> 1 . 
[0077] On the other hand, the dry air shown by the black arrow head goes into 
humidification equipment 40 from dry air inlet-port 42c of a case 42, carries out 
conduction of the right half side of hollow fiber bundle member 41 C arranged most 
near the dry air inlet-port 42c, and reaches hollow fiber bundle member 41 B of middle. 
In case dry air passes hollow fiber bundle member 41 C, dry air is the part surrounded 
by a case 42 and the potting sections 41f and 41 g, and acts to a hollow fiber as the 
connoisseur of the outside. Although moisture exchange is performed between 
off-gas and dry air also in this operation gestalt at this time, that principle is the same 
as that of said 1 st operation gestalt. Moreover, since the right half and the left half are 
made the airtight condition by 41 f of potting sections, dry air does not move the inside 
of hollow fiber bundle member 41 C to left-hand side directly from right-hand side in 
hollow fiber bundle member 41 C. 

[0078] Also in this operation gestalt, to dry air carrying out conduction in the direction 
of a short hand of hollow fiber bundle member 41 C, conduction of the off^gas is 
carried out to the longitudinal direction of hollow fiber bundle member 41 C, and at this 
time, conduction of a desiccation gas and the off-gas is carried out like said 1 st 
operation gestalt, intersecting perpendicularly. For this reason, a desiccation gas can 
fully perform moisture exchange between off^gas. Therefore, it contributes to 
improvement in water recovery. 

[0079] Then, the 4th operation gestalt of this invention is explained. The perspective 
view of the humidification equipment which drawing 7 (a) requires for the 4th 
operation gestalt of this invention, and (b) are the drawing of longitudinal section. As 
shown in drawing 7 , the humidification equipment 50 concerning this operation gestalt 
has the case 52 ******(ed) in the hollow fiber bundle member 51 and this hollow fiber 
bundle member 51. 

[0080] The hollow fiber bundle member 51 carries out potting of the both ends in a 
bundle, and the potting section which is not illustrated forms thousands of hollow 
fibers. Moreover, off-gas inlet-port 52a which introduces off-gas in a case 52 is 
prepared in the upper part location by the side of the end section of a case 52, and 
off-gas outlet 52b which discharges off-gas from a case 52 is formed in the lower part 
location by the side of the other end of a case 52. Furthermore, dry air inlet-port 52c 
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which flows dry air in a case 52 above the location in which off-gas outlet 52b by the 
side of the other end of a case 52 is prepared is prepared, and 52d of humidification air 
outlets which discharge the humidification air which comes to humidify dry air under 
the off-gas inlet-port 52a by the side of the end section of a case 52 is prepared. The 
hollow fiber bundle member 51 is arranged in the form inserted into dry air inlet-port 
52c and 52d of humidification air outlets. Therefore, in the case 52, from the upper left 
(end section side upper part), towards the lower right (other end side lower part), as 
the hollow fiber bundle member 51 crosses a case 52 aslant, it is arranged. 
[0081] Moreover, the potting section by the side of the end section in the hollow fiber 
bundle member 51 is formed so that it may stick to off^gas inlet-port 52a in a case 52, 
and the potting section by the side of the other end in the hollow fiber bundle member 
51 is formed so that it may stick to 52d of off-gas outlets in a case 52. Furthermore, 
the off-gas input which is not illustrated is formed in the end section side in the hollow 
fiber member 51, and the off^gas tap hole which is not illustrated too is formed in the 
other end side. 

[0082] On the other hand, septum member 52e is arranged in the side of the hollow 
fiber bundle member 51 currently arranged in the case 52 along with the longitudinal 
direction of the hollow fiber bundle member 51. While the vertical part within a case 52 
maintains an airtight condition, respectively, the inside of this septum member 52e of 
a case 52 is in a batch. And the dry air introduced above the case 52 can be moved no 
longer to a lower part from the upper part within a case 52, without carrying out 
conduction of the hollow fiber bundle member 51. 

[0083] In this operation gestalt, the off-gas shown by the white arrow head is 
introduced in a case 52 from off-gas inlet-port 52a in a case 52. The off-gas 
introduced in the case 52 is introduced in the hollow fiber bundle member 51 through 
the off-gas input by the side of the end section of the hollow fiber bundle member 51 
which is not illustrated. 

[0084] The off-gas introduced in the hollow fiber bundle member 51 is distributed 
inside the hollow fiber bundle in the hollow fiber bundle member 51, carries out 
conduction of the inside of a hollow fiber, and arrives at the off-gas tap hole by the 
side of the other end of the hollow fiber bundle member 51 which is not illustrated. 
Conduction of the off-gas which arrived at the off-gas tap hole by the side of the 
other end of the hollow fiber bundle member 51 is carried out to off-gas outlet 52b in 
a case 52, and it faces to the vapor-liquid-separation equipment 3 of the latter part 
which it is discharged from off-gas outlet 52b, and is shown in drawing 1 . 
[0085] On the other hand, the dry air shown by the black arrow head is introduced in a 
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case 52 from dry air input 52c in a case 52. Since dry air input 52c is prepared in the 
upper part in a case 52, dry air is introduced above [ within a case 52 ]. The dry air 
introduced above [ within a case 52 ] carries out conduction of the outside of the 
hollow filament in the hollow fiber bundle member 51, and moves to the lower part 
location within a case 52. In case dry air passes the hollow fiber bundle member 51, 
between the off-gas which carries out conduction of the inside of a hollow fiber, 
moisture exchange is performed, and the dry air which carries out conduction of the 
outside of a hollow fiber is humidified, and turns into humidification air. The principle 
by which dry air is humidified is the same as that of said 1 st operation gestalt. 
[0086] At this time, the direction as for which the dry air which carries out conduction 
of the outside of a hollow fiber carries out conduction is made into the direction as for 
which the off-gas which carries out conduction of the inside of a hollow fiber carries 
out conduction, and the crossing direction. With this operation gestalt, even if the 
hollow fiber bundle member 51 specifies a level include angle and the include angle to 
make, the include angle which the direction as for which off-gas carries out 
conduction, and the direction as for which a desiccation gas carries out conduction 
make is not necessarily specified clearly. However, since the direction as for which a 
desiccation gas carries out conduction does not have at least off-gas parallel to the 
direction which carries out conduction, the direction as for which off-gas carries out 
conduction, and the direction as for which a desiccation gas carries out conduction 
correspond in the "crossing direction" said to this invention. 

[0087] Thus, when dry air carries out conduction of the hollow fiber bundle member 51 
within a case 52, moisture exchange is performed between off^gas and dry air turns 
into humidification air. In this process, while dry air and off-gas move in the crossing 
direction, moisture exchange is performed. For this reason, a desiccation gas can be 
contacted almost equally over the whole hollow fiber. Therefore, since moisture is 
efficiently recoverable from the whole hollow fiber, water recovery can be raised. 
[0088] Next, the 5th operation gestalt of this invention is explained. The perspective 
view of the humidification equipment which drawing 8 (a) requires for the 5th 
operation gestalt of this invention, and (b) are the drawing of longitudinal section. As 
shown in drawing 8 R> 8, the humidification equipment 60 concerning this operation 
gestalt has the case 62 where the hollow fiber bundle member 61 and this hollow fiber 
bundle member 61 were contained. Moreover, it is the interior of a case 62 and the 
punching plate 63 with which many vents were formed above the location where the 
hollow fiber bundle member 61 is arranged is arranged. 

[0089] The hollow fiber bundle member 61 carries out potting of the both ends in a 
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bundle, and the potting section which is not illustrated forms thousands of hollow 
fibers. Moreover, off-gas inlet-port 62a which introduces off-gas in a case 62 is 
prepared in the height direction mid gear by the side of the end section of a case 62, 
and off-gas outlet 62b which discharges off-gas from a case 62 is formed in the height 
direction mid gear by the side of the other end of a case 62. Furthermore, dry air 
inlet-port 62c which flows dry air in a case 62 above the location in which off^gas 
outlet 62b by the side of the other end of a case 62 is prepared is prepared, and 62d of 
humidification air outlets which discharge the humidification air which comes to 
humidify dry air under the off-gas inlet-port 62a by the side of the end section of a 
case 62 is prepared. The hollow fiber bundle member 61 is arranged in the form 
inserted into such dry air inlet-port 62c and 62d of humidification air outlets. 
Therefore, the hollow fiber bundle member 61 is arranged as a longitudinal direction 
becomes almost level. 

[0090] Moreover, the potting section by the side of the end section in the hollow fiber 
bundle member 61 is formed so that it may stick to off-gas inlet-port 62a in a case 62, 
and the potting section by the side of the other end in the hollow fiber bundle member 
61 is formed so that it may stick to off-gas outlet 62b in a case 62. Furthermore, the 
off-gas input which is not illustrated is formed in the end section side in the hollow 
fiber member 61, and the off-gas tap hole which is not illustrated too is formed in the 
other end side. 

[0091] On the other hand, septum member 62e is arranged in the side of the hollow 
fiber bundle member 61 currently arranged in the case 62 along with the longitudinal 
direction of the hollow fiber bundle member 61. While the vertical part within a case 62 
maintains an airtight condition, respectively, the inside of this septum member 62e of 
a case 62 is in a batch. And the dry air introduced above the case 62 can be moved no 
longer to a lower part from the upper part within a case 62, without carrying out 
conduction of the hollow fiber bundle member 61. 

[0092] Moreover, the punching plate 63 is arranged above the hollow fiber bundle 
member 61 currently arranged in the case 62. Much vent 63a and 63a — are formed in 
this punching plate 63. These vent 63a and 63a — is estranged and formed in the 
longitudinal direction of the hollow fiber bundle member 61. Moreover, what is formed 
in the endmost part among these vents is formed near the side attachment wall in a 
case 62. In case the dry air introduced above the case 62 descends with this punching 
plate 63, dry air is distributed so that it may become almost uniform at the longitudinal 
direction of the hollow fiber bundle member 61. 

[0093] In this operation gestalt, the off-gas shown by the white arrow head is 
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introduced in a case 62 from off-gas inlet-port 62a in a case 62. The off-gas 
introduced in the case 62 is introduced in the hollow fiber bundle member 61 through 
the off-gas input by the side of the end section of the hollow fiber bundle member 61 
which is not illustrated. 

[0094] The off-gas introduced in the hollow fiber bundle member 61 is distributed 
inside the hollow fiber bundle in the hollow fiber bundle member 61, carries out 
conduction of the inside of a hollow fiber, and arrives at the off^gas tap hole by the 
side of the other end of the hollow fiber bundle member 61 which is not illustrated. 
Conduction of the off-gas which arrived at the off-gas tap hole by the side of the 
other end of the hollow fiber bundle member 61 is carried out to ofFgas outlet 62b in 
a case 62, and it faces to the vapor-liquid-separation equipment 3 of the latter part 
which it is discharged from off^gas outlet 62b, and is shown in drawing 1 . 
[0095] On the other hand, the dry air shown by the black arrow head is introduced in a 
case 62 from dry air input 62c in a case 62. Since dry air input 62c is prepared in the 
upper part in a case 62, dry air is introduced above [ within a case 62 ]. The dry air 
introduced above [ within a case 62 ] carries out sequential descent through vent 63a 
formed in the punching plate 63, and 63a — while moving horizontally along with the 
punching plate 63. With this punching plate 63, dry air is horizontally diffused in 
homogeneity. 

[0096] The dry air which carried out conduction through vent 63a in the punching 
plate 63 and 63a — descends as it is, is introduced into the hollow fiber bundle 
member 61, carries out conduction of the outside of hollow fiber bundle member 61 
hollow filament, and moves to the lower part location within a case 62. In case dry air 
passes the hollow fiber bundle member 61, between the off-gas which carries out 
conduction of the inside of a hollow fiber, moisture exchange is performed, and the dry 
air which carries out conduction of the outside of a hollow fiber is humidified, and 
turns into humidification air. The principle by which dry air is humidified is the same as 
that of said 1 st operation gestalt. 

[0097] At this time, the direction as for which the dry air which carries out conduction 
of the outside of a hollow fiber carries out conduction is made into the direction as for 
which the off-gas which carries out conduction of the inside of a hollow fiber carries 
out conduction, and the direction which intersects perpendicularly. 
[0098] Thus, when dry air carries out conduction of the hollow fiber bundle member 61 
within a case 62, moisture exchange is performed between off-gas and dry air turns 
into humidification air. In this process, while dry air and off-gas move in the crossing 
direction, moisture exchange is performed. And dry air diffuses in homogeneity mostly 
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horizontally according to an operation of the punching plate 63. For this reason, a 
desiccation gas can be contacted almost equally over the whole hollow fiber. 
Therefore, since moisture is efficiently recoverable from the whole hollow fiber, water 
recovery can be raised. 

[0099] Furthermore, the 6th operation gestalt of this invention is explained. The 
perspective view of the humidification equipment which drawing 9 (a) requires for the 
6th operation gestalt of this invention, and (b) are the drawing of longitudinal section. 
As shown in drawing 9 , the humidification equipment 70 concerning this operation 
gestalt has the case 72 where four hollow fiber bundle members 71, 71 — , and these 
hollow fiber bundle members 71 and 71 — were contained. 

[0100] Four hollow fiber bundle members 71 have the same structure, they carry out 
potting of the both ends in a bundle, and the potting section which is not illustrated 
forms thousands of hollow fibers. Moreover, four off^gas inlet-ports 72a which 
introduces off-gas in a case 72, and 72a — are prepared in the height direction mid 
gear by the side of the end section of a case 72. On the other hand, four off-gas 
outlet 72b which discharges off-gas from a case 72, and 72b — are formed in the 
height direction mid gear by the side of the other end of a case 72. Furthermore, dry 
air inlet-port 72c which flows dry air in a case 72 above the location in which off-gas 
outlet 72b by the side of the other end of a case 72 and 72b — are prepared, and 
72c — are prepared, and 72d of humidification air outlets and 72d — which discharge 
the humidification air of off-gas inlet-port 72a by the side of the end section of a case 
72 and 72a — which comes to humidify dry air below are prepared. The hollow fiber 
bundle member 71 and 71 — are arranged in such dry air inlet-port 72c, 72c — and 
72d of humidification air outlets, and the form inserted into 72d — . Therefore, as the 
hollow fiber bundle member 71 and 71 — become almost level [ a longitudinal 
direction ], they are arranged. 

[0101] Moreover, the potting section by the side of the hollow fiber bundle member 71 
and the end section in 71 — is formed so that it may stick to off-gas inlet-port 72a in 
a case 72, and 72a — , respectively. On the other hand, the potting section by the side 
of the hollow fiber bundle member 71 and the other end in 71 — is formed so that it 
may stick to off-gas outlet 72b in a case 72, and 72b — . Furthermore, the off-gas 
input which is not illustrated is formed in the hollow fiber member 71 and end section 
side in 71 — , and the off-gas tap hole which is not illustrated too is formed in the 
other end side. 

[0102] On the other hand, in the case 72, the hollow fiber bundle member 71 and 71 — 
are horizontally arranged by juxtaposition, and septum member 72e is arranged 
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between cases 72 with these hollow fiber bundle members 71 , the hollow fiber member 
71 of 71 — arranged in between and both ends b, and 71 — . While the vertical part 
within a case 72 maintains an airtight condition, respectively, the inside of this septum 
member 72e of a case 72 is in a batch. And the dry air introduced above the case 72 is 
the hollow fiber bundle members 71 and 71. — It can move no longer to a lower part 
from the upper part within a case 72, without carrying out conduction. 
[0103] In this operation gestalt, the off-gas shown by the white arrow head is 
introduced in a case 72 from off-gas inlet-port 72a in a case 72. The off-gas 
introduced in the case 72 minds the hollow fiber bundle member 71 and the off-gas 
input by the side of the end section of 71 — which is not illustrated, and is the hollow 
fiber bundle members 71 and 71. — It is introduced inside. 

[0104] Hollow fiber bundle members 71 and 71 — The off^gas introduced inside is 
distributed inside the hollow fiber bundle member 71 and the hollow fiber bundle in 71 
— , carries out conduction of the inside of a hollow fiber, and arrives at the hollow fiber 
bundle member 71 and the off-gas tap hole by the side of the other end of 71 — which 
is not illustrated. The off-gas which arrived at the hollow fiber bundle member 71 and 
the off-gas tap hole by the side of the other end of 71 — is the off-gas outlets 72b 
and 72b in a case 72. — Conduction is carried out and it is discharged from off-gas 
outlet 72b and 72 — . Then, it is collected by the duct which is not illustrated and 
faces to the vapor-liquid-separation equipment 3 of the latter part shown in drawing 1 
R> 1. 

[0105] On the other hand, the dry air shown by the black arrow head is introduced in a 
case 72 from dry air input 72c in a case 72, and 72c — . Since dry air input 72c and 
72c — is prepared in the upper part in a case 72, dry air is introduced above [ within a 
case 72 ]. The dry air introduced above [ within a case 72 ] carries out conduction of 
the outside of the hollow fiber bundle member 71 and the hollow filament in 71 — , and 
moves to the lower part location within a case 72. In case dry air passes the hollow 
fiber bundle member 71 and 71 — , between the off-gas which carries out conduction 
of the inside of a hollow fiber, moisture exchange is performed, and the dry air which 
carries out conduction of the outside of a hollow fiber is humidified, and turns into 
humidification air. The principle by which dry air is humidified is the same as that of 
said 1st operation gestalt. 

[0106] At this time, the direction as for which the dry air which carries out conduction 
of the outside of a hollow fiber carries out conduction is made into the direction as for 
which the off-gas which carries out conduction of the inside of a hollow fiber carries 
out conduction, and the crossing direction. In addition, this "direction as for which the 
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off-gas which carries out conduction of the inside of a hollow fiber carries out 
conduction and crossing direction" have the same meaning as said 4th operation 
gestalt. 

[0107] Thus, in the hollow fiber [ dry air ] bundle member 71 within a case 72, and 71 
— , by carrying out conduction, moisture exchange is performed between off^gas and 
dry air turns into humidification air. In this process, while dry air and off-gas move in 
the crossing direction, moisture exchange is performed. For this reason, a desiccation 
gas can be contacted almost equally over the whole hollow fiber. Therefore, since 
moisture is efficiently recoverable from the whole hollow fiber, water recovery can be 
raised. 

[0108] As mentioned above, although the suitable operation gestalt of this invention 
was explained, this invention is not limited to each aforementioned operation gestalt. 
For example, although conduction is carried out so that it may become a counterflow 
about off-gas and dry air in housing, it can also consider as the mode which carries 
out conduction so that it may become concurrent. 

[0109] Since the humidity concentration difference in a hollow fiber can be equalized 
as a merit which makes dry air and off-gas a counterflow at this time, it is mentioned 
that water transparency effectiveness improves. Moreover, since a gaseous inlet port 
and a gaseous outlet will counter, the layout nature of gas piping improves. 
Furthermore, since the heat exchange effectiveness by the hollow fiber becomes good, 
the cooling engine performance of gas improves. And since effectiveness is high and it 
is easy to double the temperature of the outlet of dry air with the temperature of the 
outlet of off-gas, temperature control becomes easy. Therefore, it becomes easy to 
manage the humidity of the air supplied to a fuel cell. 

[0110] Here, it supplements about the temperature control function which 
humidification equipment has. For example, as for the dry air compressed with air 
compressors, such as a supercharger, temperature changes about among 30 degrees 
C (at time of the idling of fuel cell) - 120 degrees C (at the time of the horsepower 
output of a fuel cell). On the other hand, a fuel cell is operated at about 80 degrees C 
under temperature control, and the off-gas of 80 degree-C+alpha extent is discharged. 
If conduction of the dry air compressed with this off-gas and air compressor is carried 
out to humidification equipment, in a hollow fiber, heat transfer also happens with 
moisture transfer, and dry air will turn into humidification air of the temperature (that 
is, stable temperature near the operating temperature of a fuel cell) near off^gas, and 
will be supplied to a fuel cell. That is, dry air is humidified and warmed by 
humidification equipment at the time of the low-power output at the time of the idling 
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of a fuel cell etc., is supplied to a fuel cell, and is supplied to a fuel cell as 
humidification air of the temperature requirement which was humidified and cooled 
and was stabilized with humidification equipment at the time of the high power at the 
time of the horsepower output of a fuel cell etc. Therefore, a fuel cell can be operated 
on suitable temperature conditions by the temperature control function which 
humidification equipment has, and the generating efficiency of a fuel cell becomes high. 
[0111] Moreover, when an intercooler is attached in the discharge side of an air 
compressor, the dry air compressed with the air compressor is cooled (or warming), 
and temperature changes about among 50 degrees C (at time of the idling of fuel cell) 
- 60 degrees C (at the time of the horsepower output of a fuel cell), if off-gas 
(80degree-C+alpha) carries out conduction of the dry air which passed this 
intercooler to the humidification equipment which carries out conduction — dry air — 
a hollow fiber — setting — humidification — and temperature control (warming) is 
carried out, it becomes the humidification air of the stable temperature requirement 
near the temperature near off-gas, i.e., the operating temperature of a fuel cell, and a 
fuel cell is supplied. Therefore, also when an intercooler is attached, a fuel cell can be 
operated on suitable temperature conditions by the temperature control function 
which humidification equipment has, and the generating efficiency of a fuel cell 
becomes high. 

[01 12] Since the humidity concentration difference is [ dry air and off-gas ] high in an 
inlet-port part, a humidity effect improves as a merit which makes dry air and off^gas 
concurrent and the overall length of the hollow fiber itself can be shortened on the 
other hand, contributing to the miniaturization of equipment is mentioned. Moreover, 
since equipment can be miniaturized, it becomes easy to align a hollow filament and to 
bundle it and it contributes to reduction of cost by these things. Furthermore, since 
the effectiveness of dry air becomes low, the gas temperature supplied to a fuel cell 
at the time of high power can be set up more highly. Therefore, the effectiveness of a 
fuel cell can be raised. 

[0113] Moreover, in said the 3rd to 6th operation gestalt, although the hollow fiber 
bundle member is arranged in a case as it is, a hollow fiber bundle member can be 
contained in housing, two or more dry air input and dry air exhaust ports can be 
prepared in the side face of housing, and it can also consider as the mode which 
arranges this housing into a case. 

[0114] Furthermore, when moisture condenses into the part in which the dry air in 
housing, such as a hollow fiber module, (humidification air) carries out conduction and 
a puddle is produced, there is a possibility that it may become impossible to utilize the 
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surface area of the outside of a hollow fiber effectively. Therefore, it is desirable to 
enable it to extract humidification air also from lower parts, such as a hollow fiber 
module, so that a puddle may not be generated in housing. By doing in this way, the 
condensed water can be easily extracted out of housing with humidification air, and 
generating of a puddle is prevented. In addition, as for extracted water, it is desirable 
to carry out uptake by a catch tank etc., to turn to other systems, and to reuse. 
[0115] 

[Effect of the Invention] According to invention which relates to claim 1 of this 
inventions as above, on the whole ranging from the edge to a center section of 
housing, moisture exchange can be equally performed between a humid gas and a 
desiccation gas. Therefore, since moisture is efficiently recoverable from the whole 
hollow fiber, water recovery can be raised. 

[0116] According to invention concerning claim 2, conduction of the direction where a 
humid gas and a desiccation gas intersect perpendicularly is turned to and carried out. 
Thus, the direction where a humid gas and a desiccation gas intersect perpendicularly 
is turned to, and since conduction is carried out, ranging from the edge to a center 
section of the longitudinal direction of a hollow fiber, moisture exchange can be 
performed between a humid gas and a desiccation gas overall still more equally. 
Therefore, it becomes possible to raise the water recovery as the whole further. 



[Translation done.] 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the whole fuel cell system block diagram. 

[Drawing 2] It is the explanatory view [Hzing / the configuration of a fuel cell / the 
explanatory view / the ** type ]. 

[Drawing 3] The perspective view showing the humidification equipment which (a) 
requires for this invention, and (b) are the flat-surface sectional view. 
[Drawing 4] It is the perspective view of the hollow fiber module in the humidification 
equipment concerning this invention. 

[Drawing 5] X-X-ray sectional view of (a) and (c of the sectional side elevation of the 
humidification equipment concerning the 2nd operation gestalt of this invention and 
(b)) are the Y-Y line sectional views of (a). 

[Drawing 6] The perspective view of the humidification equipment which (a) requires 
for the 3rd operation gestalt, and (b) are the plane section Fig. 

[Drawing 7] The perspective view of the humidification equipment which (a) requires 
for the 4th operation gestalt of this invention, and (b) are the drawing of longitudinal 
section. 

[Drawing 8] The perspective view of the humidification equipment which (a) requires 
for the 5th operation gestalt of this invention, and (b) are the drawing of longitudinal 
section. 

[Drawing 9] The perspective view of the humidification equipment which (a) requires 
for the 6th operation gestalt of this invention, and (b) are the drawing of longitudinal 
section. 

[Drawing 10] It is the sectional side elevation of conventional humidification 
equipment. 

[Description of Notations] 
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1 Fuel Cell 

2 Humidification Equipment 
21a Housing 

21b Hollow fiber bundle 
21 c1, 21 c2 Dry air input 
21 d1, 12d2 Dry air tap hole 
21 i Off-gas input 
21j Off-gas tap hole 



[Translation done.] 
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LT*5r*«-rs„ £J£L£*U:, jDiSS^. i: fc t izM 

m$mx'hh*7tix t txmmm 1 n&mmm 1 a 
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[0022],I<0J:d iztm Ltzim£$Ht:Mim*fZ 
-f 6 i: 1 3 tc*3ft& 7D h & o 

*fs<«i?fi 1 t&m-t&mmwm yxt^ fcs 

[0 0 2 3] SEW?. H3feJ:tfH4«riMiLT*5HH 
WCSSU Ch8E£$l) «8Witm^erc* 

(b) *^>TKirorc*4. ia3^-rj:o{c. * 

!Mlcff6ftflH»2li. |i0-O«itT£>&3*<7)*£ 
^ya-^2 1A, 21B, 2 1 C £3rLTi> 0 > Z 
tlt>3*cr>*'£& : £> ! j.-Jl>2 1A, 2 IB, 2 1C 
(4, y-X2 2ftlzm\! / zmWZtlXW#lZtlX\^. 
[00 24] Z\iX^C0^^k^=J3.-)Vcr>mm.^mA 

zmkLximtzt. 4>ffi*«*> ? A-^2 us. e 

*MW>y>/2 1a^tUti0s iW^y'y 
^2 1 aflfc, ^tOj^^mteffioTKSftfcft^**) 
*^3Stttf04<2S*ll*^ : Sr-i.4'^J^2 1 bstfRMS 

[00 2 5] t\*7*?V?2. 1 aO*^[6j^d 

^^i5ftS*Mffl9«i. *»<a*6«3S»8tAP 2 1 
c 1 , 21cl, 21cl W^ : J>7'2 1 atf)^2T 
fifcKBIl/t?Eaic3*iT^4. £*i6«5»3S*aLAXI2 
lcl, 2 1 c 1 , 2 1 c 1 *>. Ai>y^2 1 a 

>V2 l a<o^ifi«fcyBj£$*i-o**. zcotzfr. + 

«S*a3«SAP2 1 c 
1 , 2 1 c 1 , 2 1 c 1 a^SSA-t&Sfc^tth&l.iifc 

LfctfoT. t\Wy?2. l arttctJlti+ayfeBO^ 

btfx%h. frfc, i;tv^Ai>s;^2 1 aosss 

ififfhU. IBM-idf-y^-f 1 f , 2 1g^ 

<§j OjLftffl&ffitLTfi. tSffi^ 1 cmcnftSfc-T 

J»aJ*»fe3cm<0(SKlkL 
fcO. 5 cm, 1 OcmWffiESrifjgl^agi:-*-!..! 

$£>fc, 9sa^seKAP2 ici, 21c 
l-tt, t\Wyfi 1 a^j^ri*i+*SMcfc»JftL 

[0026] ^/c, ettsgtsexp 2 1 c 1 , 21c 



1,21c ltfB&ztix^&mizftfirt&mMi.. 
«a^aaii-*i«R<'D9aMasssaffiP2 1 d 1 . 21 
d 1 , 2 1 d ia*®j£§*vcv>s. 

2 1 a«fe^-C*^T. «M£$lft!tia2 1 d 1 , 2 

1 d 1 , 2 1 d l#9BjA3*lTVt*lH(Ct±. W&SESW 
W<t&&S*£5mXU2lc2, 2 1c2, 2 1c2 
MMtSiLTti 0 , $6*££3tifi£AP 2 1 c 2 , 2 1c 
2.21c 2tfWf&$tiX^&WliZMi*ti-&mtzli. $£ 
H&&jmi&t&tt<nKJa^9Uiin 2 1 d 2 , 2 1 
d2. 2 1 d2j&9gj£$*UCV*5. 

[0027] Ztlb0W»2&lfil*.n 2 1 c 2 , 21c 

2 -, SS6i£MSEtfJP 2 1 d 1 . 2 1 d 1 2 1 d 
2, 2 1d2-feU^tt>. ^f^y^21a 

y^2 1 aOSBaKfi»fc»jaSilTU*. 
[0 0 28] 4fc, /^~sy?2 1 afcJDWiS<l*>*>ffi 
*ffit3£2 l btt. +£iU&£#*4*i8^^+ay|* 
MfcfsfcSUau ft¥#Aa-HMfc:>t?75 s -4 y^SB2 1 
e, ***fc#y^-f ^^T»2 1 f . flWHKioiW-r-f 
V^gP2 1 gSrSJtiiatLTdC-yr-* >^$itTV^ 
4. 4fc» '^z/>j> r 2 1 a. stf-yf-* ^»2 1 e, 
2 1 f ^4^*l^fcfettft*ffi*JI<^«. is XX/ 
>\W>72l3., Xv7-<tvy%!>2\f , 21sXm 

y^gP2 1 fX'i±V)bixX\^<7)X\ F*l+£*$?<7) 

t, «ttA>6£Hic. & & v ^tzcmizwrnrnth z. 

-/L-2 Hi. )\*7isV?2 1 afc:W®R<?54>S*IH«lB 
V^2 1 e , 2 1 f , 2 1 gJ'ML/A. /v> 

yy^2 1 *<rmmz^x*^m<m.*mm}k-* 

&Zt{,Z£-oTft$LZtlh. 

[0029] 1 aO— saffiftHi. ^7 

Sr^A-f ■& ^ftO 7 #*o£An 2 1 i jWE«tS#i 

ij"xm^U2 1 jjWBjK$itT^4. ^-7^xgiEAP2 

1 i^SSALJtJT^^Xti, /\^i^y^2 1 aMlRiM 
$^4'S*)l<7)l*Hl$rjlo-C^7^»£tliP2 1 j*> 

[00 30] I23tc^«l:atc. 3*^4>S*1S 
t^-;l^2 1A, 2 IB, 2 1 CjWKW$#ut>-— X 

2 2t(i. 3j-7^36*8tA"r&*7^XAP2 2a*Jj: 
Xf*7iiXtfW&-$h*7iiX.&U2 2 b3Wft£3*Vt 
v^4. t-^2 2t:li, Se^^5rg£A-r4|g 
^^AP 2 2c J; imm&ktfWSL ZtiXK&Hum 
ffiSWJSffl-tftlnjESJRlBP 2 2 djWBftSfiTV**. 

[003 1 ] 03 (b) fc^-fiat^ *7tfX 
An2 2all 3T7^APjil»2 2e^iiLT^ 
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h. d^7^'xAnas&2 2 etcti. (fiffifewes;.* 

~}U2 1 A, 2 1 B, 2 1 CcOZtl^tlCD— SgBg&tfffiffl 
Sft.Tfc'J* :*7#7.APM8&2 2etf;L 
yjL-^lA, 2 IB, 2 lCcr>*y*fXtfiAn2 1 

1 , 2 1 i . 2 1 i#-HtW4iiLT^&. dcr»^7 
#xAPSS&2 2efr£>ti. +3feWR i E>'*jL-;l/2 1 
A, 2 IB, 2 1 CftlzUm2tlK*£&!mi2 1 b , 

2 1b, 21 b<r>*Q&mmz*7tfXifi%ZX-t%> . 

[ 0 0 3 2 ] $ ^>K. 1 A, 2 1 

b, 2 1 c<7)-enm«gpfi!i^{±. *7;#xajpji&&2 

2 f ^^m^J^-^2 1 A, 2 

IB, 2 lCC0;t7;#XSajP2 1 j , 21 j, 21 j 
te:t7#xain3ig&2 2 f fciliiL-CV^. 
ya-*2 1A, 2 IB, 2 1 C W^ft-ehJKWSft 
fe+ffi*dK«2 lb, 21b, 21 b fc*Jlt*+«£*K 
coft&*mWLLtz*70x\,$, ^■7^'xttjPilSS2 2 f 
^h»TI>. ifc. :t7#xttiPiI&82 2 f ii*7tf 
*fflP2 2dfcStjlLT*i»K ;t7#XJiiP>I&&2 2f 
*a8SLfc3T7^tt. *7#.*ii{P2 2dA»£j»as§ 

[0033] -J}. >r-X2 2<tt*&b1MMz.ti^X. 
«*£$^A3*t48&*£^P2 2ctt, i^)9a» 
£MA P 2 2 <9-#i£1§fc:IIB£ tttz 
)V2 1 Cfcfctt*«at3SSt3KAP2 1 c 1 fcJKiLT^ 

SSAP 2 1 d 1 1 , J^+<OflfiKfcK»S*irt:+ffi*JR 
^J^-)V2 1 BCtJft*<efl^SIAP2 1 c 1 fcj&< 

asi-riiac^ ^1*^-^213, 2ic# 

K»$*iTV>*. 4*. 4'MI ; &yi-^2 1B, 2 
1 A t R«0Xiimfl((=25« . S&SS^AP 22cK 
— «iBvvflcBfc:ERSii3t+2s*BB j e> ? a.-/l'2 1 At 
fctt*«*a»«AP 2 1dllt 2 2 (C»JSS 

[ 0 0 3 4 ] 4 fc . 2 2 tC*J tt ft **fl«4)"C 

«. (SflkS«Sf «3igL»2 2 gfcf^fle^^'jL-^2 

1 ACtJft4«H*35«SJAP2 1 c 2#iIiILTU&. 

+2E*»*^*i-;l/2 lAttJttSSe^^SEaj 
P2 1 d2t. #2*111*^-^2 1 Bfci3lt4«« 
£jR8SAP2 1ci:#fo#£">TV>*. 4fc, 4»2*ffii 
ti/'a-^2 1B, 2 1 C t> s^'jl— ,^2 1 

A, 2 1 BfcnttOffiflHflUC&ft. 
[0 0 3 5] i a LT, ^-X2 2«Cfett*««£aiA 
P 2 2 c j&>£>g&A Lfc«jBK£SU4, +2*11* i^a-*' 

2 1 A, 2 IB, 2 lCrt$rSTia^^*f0jit8&2 

2gC8KAf *. £*>ISL <8i33Wi, +2SBMI*^a 
-;l/2 1A, 2 IB, 2 lCrtfcfcVVC, +2f*]KSJ2 
lb, 21b, 21 b fcfi^-r&^lnJfcjliS^S^&BH 
o««»«cil»^«iSi-*J:dfc:ioT^*. 4£. $£ 



*ityj.-^2 1A, 2 IB, 2 lCrtCfclrVC. R 
«fc. *S*M2 1b, 2 1b. 2 Ibta3t-r4^ 

[0 03 6] ifcfc:, H3*iJ:^H4*#iHfr*fMHfc: 

fahimgm2<r>ftm*mm-h . H3t^-rj;at. 

2 2aA»/bilt^M2ta[A^--5. ^-X2 2tcSEAU 
ttyifXit. *7#;*APjiii&2 2e£*£Ei3LT4'£ 
jfeltyj.-;l'2 1 A, 2 IB, 2 1C<0tT7^AP 
2 1 i , 2 1 i , 2 1 i lzm»f&. Z.<F>*7f}XXU 
2 1 i , 2 1 i , 2 1 i iiYLX^^m^: : JjL—)U2 
1A, 2 IB, 2 1CrttcaL\Lfc*7#*«, 4>ffife 
$&5fc2 lb, 21b, 21 b££ft*«>H&NRiCA(? 

[0037] +a*«^)rt«&aaLfc*7^tt» # 
*s*nsrfeftaiT5r7^'xaiP 2 1 j , 2 1 j , 21 
j izwmLx*7#x§tftn2 1 j , 2 1 j , 2 1 j a» 
<5>pas$ti.-s. *7#zmiu2 1 j , 2 1 j , 2 1 j 

il&&2 2 f tmL^XXylfXWS&U 2 2b tS'J^T 

4. jj-^^xti. 3r7xrxaffiP2 2b*»^st 

[0038] flS^9rc*^-<6«^Wi. 2 

2 ^fg^^sSAP 2 2c*> ^JD^S 2 (c A 0 s HSU ' 

^,sap 22c vy-mmiizmmzixtt&mtv 

zl-)V2 1 C cri*^ffl!(;^$ ixtz^m^mLKU 2 
lciK. +£*]»* 2 1 co&¥4HSgrtfc: 

*A3*i4. +2*K*S/a-^2 1 CcOt^^fflOrtt 
*AS*i.fe«flBSJWi, ^Ityi-^2 1 d*rC 

»ot> ^^m<r>^m^m^^zmm.Lxmm^ 

8KBP2 1 d 

[ 0 0 3 9 ] v^4. SaS^S^aE**!*^*-/^ 1 

c«)ja^j6rrtite3iart-*oic*fLT. *7^«tt»s* 
k^vjl-^2 lc^^^rrfijtassLTiso. i£*£m 

&MMmyf7#x t cofflxitmzTiittimzft ozt 

[00403 ;;t. ^^^-^2101*1(1 

**il'fcS i W*yf-f>'^2 1 f tioTSWStt 
JBt$nTV^<OT, «^^4>2*I ; EyA-^2 

[0 04 1] S£^^* i 4'S*M ; e->'a-;l/2 1 Ci*i€r 

£*§ltf>l*J{l!lfcf4* 7 tiximffi. LX t5 0 , +25*Kfc: 

[0 04 2] ZCV&lzHiXZ t>lzmty-?& t . 4»S* 
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[0043] ^jl-/P2 1 COS£«S5v#faj 

□2 1 d lfrimftZivtzmmsBsm* n&wzmwz 

^v:4>3S*)K^va-^2 1 B<^fg^mSSAP2 1 c 
Wt 1 Bf*rm. tpQ&m* : Jx.-)V2 1 C 

t nmn Lxfcftimffft&tix , *&&m 2 1 b k 

*J*t&(6»ffi»tffajP2 1 d l*>«iS$*U>. 
IH^a-^2 1 B frt>Vt£Ztit:9m2m&mmz L 
■C+^*JB! J E> ? a-^2 1 AF*l£a3&LT. 4>SAR% 
^'i-;P2 1 A<7)Sa&£§U#aiP2 1 d ia»S>#mj3ix 

[0044] >-'a-/U2 1 A0t&jB£*l$ffl 

□ 2 1 d lfrt>mtiiZtitz&®£MU±. ^-X2 2Cfc 

ft4««s«jf 9 si us 2 2 stzmtisk*. mt&sm 

lA^S^Mi^flK$^Sfe«I^SSEAP2 lcl*> 
[0045] ^-/l" 2 1 AWt^fflCfc 

1 Art^-ec7)5t^^caSELTI6^m#ftiiP2 1 d 
-^2 1 A(7)«^[6jtaSELTV^. Lfci'oT. * 

7 fc tats* t ttasw- ^>^[nj^in]V"»T <t#i-e *i» 

[0 04 6] .r<7>£3u 4'S*H ; e^A-;P2 1 B, 2 
JttSS^fc&oT, Jd®^aiP2 2d^-#ifi<^ 

m-th^^m^iy^-)V2 1 cco^^MSfaiP 2 1 

d2*>£>Pttj£ftl>. ^dLT. Sa^m#fttiP2 1 d 
2*^Sftii§il^JllS^{i. t-X2 2t^(tSJir@ 
SMtBP 2 2 d*>£>i#ai£*rC . H 1 fc*prt«K<0$«K 

[oo47]^oj:dtcLT seaassw«+ffi*K* a 

-/U2 1C, 2 IB, 2 1 hftZWfii'thZthzZ.^X 

i-^2 1C, 2 IB. 2 1 Ac7)S^[6]5:[Si^Ta»£ 
1C, 2 IB, 2 1 A^^^|ti]$r(S]^ras£L-r^S 



4. U^St. «t»2S*K^«c*»4>S&*J:<*4i'*l3iR 

#4. 

[ 0 0 4 s ] <xic *»®2 nmummz^wxm 

W*. 15 (a) U\ *«^#2«>>gSStoB»fc:«4 
Jl«H<0«liM2, ( b ) ( a ) COX- XI^Bfffi 

0. (c)li, (a) <^Y-Y*BfiBH'C**. 
[0049] 125 (a) $rV>L (c) \,Z7fC?£oHZ^ # 

-6 tnmgim 3 0 ti . 125 (b) tjiv 

( c ) fc^-f «k 3 |£ s 4*<F>*'£]m^ i J2.-)V3 1 A 
~3 1D«:*;tTV*4. £*i4><3»J»ffi*I!l*> ? .a.-/l'3 
1 A~~3 1 DliR— *W 4. 
;BlA~3 1Dli, *1x?tm\Kmtf]ttftBT$>& 

3 1 a£ti. ^IS. fcfcitf 5 0 0 0*tf>4>3j*Ka»4> 
=5r4*£*IBBR3 1 b#iRitt£*u:^4. £tf>4«ffi*]R 
5B3 1 bj£, ^Sft*'C\frffl**>'^:- ; >'?''3 1 aC0^# 
2rrft|£» J: LTK1&£ fix w 4 . 
[ 0 0 5 0 ] 05 ( a ) ttSWCM^y^ 1 a<D3E 
MUftlZiS\ l "n>Js*7 i J>-7'3 1 aC0$|®<7)d h(T>~WiZ 

fa^»^»SA-r4isi!cc7)i£^SMaAP3 1 c 
i,3ic 1 -tfjBBJcSfrc^s, sanassetA 
□ 3 1 c 1 , 3 1 c 1 —ifim^fx.x^hm^zn'm-h 
itti «*^#»ffl^49^2si8KfiP 3 1 d 1 , 

3 1 d 1-jWBjSS*tCV*4. ZtlhffMt 9 0 

* cOftSSrSrfffifck. -eix-fit^S^i»Sa}P3 1 d 

1, 3 1 d l—jW&fc$*vtV*4. 

[005 1 ] 15(a) tfc^T^N^^'y^S 1 

a.C0&imfttZ&l1r&J\'y : J>?'3 1 aCOffiJffiCOd *><0 
«jMSSSSaP3 1 d 1 , 3 1 d 1 -MttRS^Lrv^* 

Bifcti, a-t h im&gsmxu 3 1 c 2 , 

3 1 c 2-tfffiJ&ZtlX^h. § fet. 05 (a)fci3 
V^T^-7^y^3 1 a.CD&M&ftt<Zt5W&J\>Ji;>73 
1 a«ffla®<50o*><7)^^»iEAP3 1 c 1 , 3 1 c 1 

• • tix v fascia , aanffiso^aia-t * e«af 

^SiEtiiP 3 1 d 2 , 3 1 d2~i>mfR2tlX^2>. % 
ZixL><D&®fm%LAn3 1 c 1 , 3 1c 1-. 3 

ic2, 3 i c 2~-i5£immm t #famn3 1 d 1 , 3 

ldl-. 3 1d2, 3 1d2-ll A^'y/3 1a 

[0052] itz. )^ i JV?3 1 atJR^$fLl,*S 
*K^3 1 b(i. *SaSS$r^47kSiitt<7)*S*$- 

e . *A»tC^-y T- ^ >^3 1 f . Wtitf'/f^ 
>^SP3 1 gSr^4idfcLT^-y7 i -<> / 7'$itTV% 
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h. 4£. t\Q&y73 la. *7f^ >^gB3 1 e. 

3 1 f x-mttihumztitth^xmnftm. *>£ts 

A^y*y/31a.#7f^/a!31f, 3 1gT'B 

fijic . $> S v Hi* *>jfifc:fi»»IW4 £ t ^«fc o ic 

*7i?V?3 1 atW3@Rw4>2S*KW5K*J«lt, MS§ 

e, 3 1 f , 3 1 gfcftftl'fctL r\*H?>73 1 acO 
WSgfciG o T 4>£*Htf>3i£ WEBrBkfc-T * i fc tc J: o T 

[0053] :w^^3 1 a<0flfiJB»fc«, Siffi 
af^&**7;ir;*£*Ai-4fc^*:7#*8SAP 3 

#»art-**7#.xattBP3 1 jOTgjfis^Tv^*. * 

7#xSSAP3 1 i*^SSAL^7^xii. 

^3 1 a{;JRiW$tLfe4«^*!MWrtffi!l«r3ioT*7^ 

[0 0 54] diX^>c7)4*04'^*!JK ; E^J.-^3 1 A 
-3 1DI4. X3 2tCJRiW§ixT^&. dco^r-^. 

3 2 wfflsssss^ii . * y #x imx-rh * 7 #x A P 3 

2aj&<^j£$ft, fl!l^|5feJ;^7^{iJP3 2b^ 
JS3*ITV*4. 4*. ir-X3 2tf>-ifl»Mfc:ii, tttt 

»#r*6<e«2E»*iiSx-f 4<eaa»AP 32c **a 
*^»3&«aiiis*ir«r*9a»ffiSiettasp 3 2 d#f&it& 

[00 5 5] 4*:. ^7#XAP3 2adl *£*JS 
ty*— 1 A~3 1 DO*iimc0fl!!S^A J iEM§ 
ftTfc 9 . *<i**<t<04>ffi*K ; £i ? A--'l'3 1 A- 3 1 

D(c*jjts3T7^aw.P3 1 i , 3 1 i-tcasiur 

1*4. <rc9:*7;#.XAP3 2 a*>£>. *7^8tXP3 
li, 31 i-»jlLT#>t>aSMi%^A^3 1 A~ 
3 1 Drt*CJ0Wl$*Ut>t>ffi*RSK3 1 b , 3 1 b -0)tp 

Ufcsr^^tt, +ffiWH*^a— /U3 1 A~3 1 Dc?) 

-«»fc:»jS3ix/s*7^iitmP3 l j , 3 l j -(c 

:*7#XSiEiiiP3 1 j , 3 1 j -li, 
3 2fc*Jlt&*7^ajP3 2bfcaBBtT*S*), *7 

^atBP3 1 j , 3 1 j -*»4>a[ttiLfe*7^ii. 

*7#X&U3 2 bj&»<9»ffiSit4. 
[0056] — $r-* 3 2*Xfe¥4H*#fc:;l3Vvt , 
KJ«aE«M»A$*tSSB»S«AP3 2c|cli, 4>£* 
■%S/a-*3 1 A~3 1 D|Ci>lt4$£*££MS£AP3 
1 c 1 , 3 1 c 1 ■■■ifiB&LZixX^&mtfiZtlZlxttm 
LXH 0 . Ztlt><7M®&S^\U 3 2c t<g**£MS£A 
□ 3 1 c 1 , 3 1c 1— fc#aSILTV*4. 4fc. 
x 3 21:112, 05 (b) fcitf (c ) le^-ti^l;:. * 



ffi*«t^A-^3 1 A~3 1 D IZ&fcZtltz&jg&M. 
»£JilP3 1 d 1 , 3 1 d l-fc%l-4-&tt»2*tjffltt3 
2e, 32 e. 3 2 e#3fflmfc»jS3;h.'C^&. £*l 
^>IC|^im#:jiS83 2e, 3 2e, 3 2 e £ Sfc 

3 2 *>;£»&»&*rHlciI8W-4 J: 3 ICS: 

oTV->4. 

[ 0 0 5 7 ] £OtSl*lftiUft3 2 e , 32 e, 3 2e 
li. +ffi*Kt> ? a.-^3 l A~3 1 D^W^fc:* 
<tWESSSftfc«Hli£Sl8tAP 3 1 c 2 , 3 1c 2- 
fcjKILTV**. £^9SK3?«S8AP3 1 c 2, 3 1c 
2-^&SAbfclSlt2£Ui, ^«Sm8![mP3 l d 
2. 3 ld2-K»ffiSft.J. fa»ffiSieiajP3 1 d 
2, 3U2-I1, ^-^3 2lCfclt5«aa^85ajP 
3 2 dlCJIilLTfc 0 . tttt£$l8KHiP 3 1 d 2 , 3 1 

&m£mmn3 2 d*>&i*ffi3*t*. 

[0058] *^**jS£#*SJS2«>3SKJB»fc::fe^ 
T. H5fc*J-J:3fc, P^EPT'^-T^7^xii^-x 
3 2C0jT7^xS£AP 3 2 a*»4>M^K3 0 teSttA-*- 

4. ^-^3 2lCg£AL^*7^li. «t»ffi*K*ya 
-;W3 1 A—3 1 D^7#XAP 3 1 i , 3 1 i — 
Wmti, i^7*'XAP3 1 i , 3 1 i 
+aBWH i E>'*a-/l'3 1-3 1 DrttStALfc*7^ 

li. ^S*^3 1 b , 3 1 b-tefclt*#+a&fe«!fc: 
[0059] 4»S^^rtW«riI«Lfc*7#*li» # 

+s*m*4fcitaiT3r7^ajp3i j . 3ij-(ca 
»LT5r7^»aip 3 1 j . 3 1 j ~frt>m&zti 

5. *7i]?M&U3 1 j , 3 1 j , 3 1 j *»<5>*faS$ 
tl*i*y*tXli. *7tfAffi&n2 3aifr$>UtliiZtlX 

m i c^-rt^s^^^^s 3 icifq** 3 . 
[0060] m*&vJFrrmMsm?i>&BM&. 

mi. 7~-x 3 2 <7ttM£$SfiLKn 3 2c A«X 
2ICA I 9. 4>£»E>-'i-/P3 1 A- 3 1 DW&^ 

Wc^$^IS*i^^8EAP3 1 c 1 , 3 1 c 1 -*» 
+35*H^yA-A<3 1A-3 1 D<0*¥4rt8rtfc: 

#A§n4. tf^lBPE^-^ 1 A- 3 1 DtfO^ 

4HiIrtfca»A$*ifcKfl^«Wi, *3HWR*^a-^3 
1A-3 1 D faX'fo T . ffS*flS^Mffl5r5S^[SjC 

ii85LTSaift^PitlP3 1 d 1 , 3 1 d-*»6»as« 

Smt^-C^^m^ff^SAv *c7)Ea(iH(fi2^ 
3 1 A~3 1 Drtli, 1 ttttWtf 7f-fy/S 

3 1 f fcioTjMWWfcSfiTv^wr, satsssm^ 

4«BWR i e^a-A'3 1 A~3 1 DrtTq&fiB^'b&fflllC 
itS^lH-^^fcli^v^ 

[oo6i] i<ok § . *nsfi»®tt>^Tii. Huiem 
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HUR^coifilitS-^-r-S t COT'S) h . 
[0062] ««£$iW+ffi*IR*S'"*-A'3 1 A~3 

tmsmnfitm^tix^<. zwrnmiz^xa. mi 
m i nmtimk mmrc$> & . 

[0063] 1 A~3 1 D<7)^ 

SmSfaiP3 ldl, 3 1 d 1 -36»4>»{fiSnfc«e«ffi 
Mti, >r-X 3 2 3 2 e , 3 

2e, 3 2efcyi8W4. <g*l£mSIS& 3 2 e , 3 2 
e, 3 2e*3iSLfcSa!ft28Wi, 05 (a) fcjjcf* 

1 A— 3 1 Dtti»t4«aia«SttXP3 1 a 2 , 3 1a 
2-*»6+aBMI i eya-^3 1 A— 3 1 DrttcSKA^" 
4. 1 A~3 1 DW£¥#fflll*lfc 

i d nx-h o r , *3EJMW>5Mi«a^m(cjra[ lt 

ttM^M»tBD3 Id 2. 3 2d-j&»£>Paj$*l&. £ 

z.x-i>m^%t^y^xb\tm^th-fj^\\znm-h 

[0 0 64] «f^*)K ; E>''j.-^3 1 A~3 1 D(C£l* 
TM1£*U tf^^^'^-^3 1 A~3 1 D0)13* 
ftmizB&Ztltz&mgcM&U 3 1 d 2 , 3 1d2i> 

an 3 2 d 3&»6»aj . 0 1 tsrraa<o«ii4MB 
[0065] c\coj:di,zLx. *msmm£&^xi>. 

««$$W+ffi*il ; E>'**-/U3 1 A~3 1 DOS¥* 
Ity'i-^3 1 A— 3 1 Dcry^Jjfa vOISiEL 

[ 0 0 6 6 ] m^x. xfrncomsomtmrniz-o^x 
mmtz. me (a) (i. g3?>fgttEHB£fl(&}his& 
B*>fWHB, (b) (i. wmmmx-bh. 

[0067] me^-tx ^ ^mm&mitztiuMi&s. 

4 0 (i, |B|-<^«jtT$)S3*c7)4'S*Jimg|5«4 1 
A, 4 1 B, 4 1 CttLX*}*). Ztlt>3*<7)*&& 
m&m&A, 41B, 4 1 Cl± s jr-X4 2(*1CMM(: 

[0068] Ztlt><r>*£&m!8.&W4 1 A. 4 1 B. 



4 1 C(i. ^*c7)+^*H*^^i»4'^JK«4 1 b 

i^Lxa*). z(T)<p2.&mftZM : m<fcx*b')*ytf 

^g5«4 1 A. 41B, 4 1 CCDg&lTfaCD-i&iZ 
^yf^/4 1e, ^SUCtf-y-f^^gMl f , 

im8ttz#vT<>y&4 1 sSrifcttSJ^fciLTgff- 

sK-y-f-f ^^SB4 1 e , 41 f, 4 1g(±^-X4 2t 
?g«LTtJD. t-X42ki|f'yf^/»4 1e > 4 

-^4 2, ^7f^ V^354 1 f . 4 1 gT'Biil&gB 

fi. ^-x4 2rttci>u-c. ^mfr^tEmiz^ 

[0 069 ] !<0>f5*IWI}4 1A, 4 1 B, 4 1 
5r7^X»SAP4 11, 4 11, 4 11 W&f&ZtLX^ 

SKffiP4 lj, 41j, 41j w%ti?ixm&&ixx^ 

x\±. *^&mmm4 1 a, a i b , 4 1 ct=*»tt* 
4«s*Moi*ni^ji^T^7^g!EtiiP4 1 j *»4>aaj 

[0 070] 16(a) feitMb) Ic^i 3 
fc, 33tstf04'S*M^W4 1 A, 41B, 4 1 C#JR 
tt?^t-X4 2tll *7tfXtfW<$h*7*lX 
AP4 2 afeJ:t^:?;#xaWW-£*:7;#xajP4 2 
btf&f&ZtlX\<^. ££>*C. ^-X4 2CI1 
»*8^^*««KSSilAP4 2cfcj;y^i$^lllg 

$ixT^4«D^sm*^a3-rs«D@smaiP4 2 djwu 

[0 07 1] tfz. 16 (b) iZT&t&oiZ. *7tfX 
AP4 2a(l 5}"7^APjiifS4 2efcjgiiLTV^ 

£<D*7#XAPiIf&4 2efc<i, 
4 l A, 4 1 B, 4 1 cco-eix^tico— «gp*>'ES$ix 
TfcO, *7#*APji&&4 2etfi, "fS*Ity*i 
-/H1A, 4 IB, 4 1 C<n^7tiZ.ffi.XU4 1 i , 
4 1 i , 4 1 ijP-Hl-eftjfiBLTV**. C\CD*7tfX 
APilS&4 2e*^li, ■fffi*JK^S|5ff4 1 A, 4 1 
B, 4 lCt=*J»t44»ffi*K«4 lb.4 lb, 4 1b 
<n*£.jmftlZ*7tiXtf$iX-?h . 

[007 2 3 ZhlZ, +£*dK5K«»4 1A, 4 IB, 
4 1 C<7)-e-^.-?n^g|5(I!lt«. 5j-7^XffiPiiSI4 2 f 
A^^^^Tio 0 , *£&fmmtt 4 1 A , 4 1 B , 4 

lC£7)^7^8ria5P4 1 j , 4 1j, 4 1 j(W7^ 
xaiPjiSS4 2 f CjfiiLTV»«. 4>ffi*^gi5«4 1 
A, 4 1 B , 4 1 Cc7)-£;ft.-m^fctti>*£*!^5£4 1 
b , 4 1b. 41b iBffct& ft&ZmffiL 
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^"7^'xaiPjiSS4 2 f {i^7^'XttiP4 2dtc: 
ailLT^O, :*7#Xit!P>Ii&4 2 f £a»SL*:*:7 

[0073] 7--T.4 2£7)*^gP^Ct3^-C. 

*^*^A3*i4teJ*aa^a4 2c#, .rotaa 

£^A □ 4 2 c o-*a»fc:iHI3 ix* 4>£*IS5lSSm 

4 ic(caaiLT^«. las^^+^Bi* 

*»4 lC«JB#*|lilcji«L'C, *X,«t»*»f£*R!K 
g|5#4 1 Bfc»tft. «wc. R*t? ffi*)KSR 
mm 4 1 BSrilSSU &$£5vAP4 2 c*»£>-*tv* 

fflKtii»snfc+s*ji»«W4 1 A*asw-i. n 

*££MAP4 2 c frfc— #»v*tfflfcER$*tfc*ffi* 
JggW*4 l Ai4. 2 {zMfS&titz'&mmVi 0 

£U»4 2 gtc^atrtso , ^^*ge«4 1 a* 

i!8SLfc«Hft25Ui. IH*aaW9iRU»4 2glc«i 
£<0<ei*SE&8r»)igLB4 2 8fc:i»vc. 

[ 0 0 7 4 ] 7-X4 2 tcfctt&;S:¥#Sfrfrfc*3 
WH4. KHSSWfJigUM 2 g#4)£*KKWH4 
lAfcjffiH/CV**. *LT, 9gfl^»*«tfffi*iW« 
#4 1 AOM^IfcHciiSELT. |»*>4>&MRjefittr4 
1 BKSBt*-*. «wc % K*fcUT4»ffi*IB«»tf4 

i b, 4 1 coffl**mfcU6flafsstwi85Lr. 

MAP 4 2c fc-«fiv^fflflifc:i!»S#L<:+ffi*J««* 
»4 1 CfcSB*T6. I2^^AP4 2 c(c-#3fiV*fi 
«fcKR3ftfc+ffi*«<W5f4 1 Cli, ir-X4 21ZB 

&imm4 1 c zmtiiLtz&mm^ti. +a*it«« 

tf4 1C, 4 IB, 4 lA£318rt-*£fc£«l:-3Till« 
n4 2dfrt>ffl&Ztl& <> 

[0075] frfr&m&L*ii-r&m3<?>miimBiz&^ 

X4 2<?)3i-7^XAP4 2a*»<5>Jp^S4 0^«EA-t 

*. ?-*4 2i l zffixi,ttytfM&. y-x42izm. 

f» "£&mfflti4 1 A, 4 1 B , 4 1 CeD*7;#7.AP4 
1 i , 4 1 i , 4 1 i Izmm-tZ. ZCD*7#XAn4 
1 i , 4 1 i , 4 1 i ZltLX#&&mm.ffii4 1 A, 
4 1 B , 4 1 CrttffiAU^7Ml 4>Sjfeffll%4 
lb, 41b, 41 b{cfc»t4»+S*IRt:i*I»tT4H» 

[00 76] +Sf*lW)rtM*iia[Lfe*7^X«. # 
+2S*K«rft»tffiT3j-7^Uin4 1 j , 4 1 j , 4 1 
j <,Z$mtX^7^fXiiia4 lj, 41 j, 4 1 j 
»ilS§*l*. *7#X&U4 1 j . 4 1 j , 4 1 j 
tt£3*lfc:t7tf.XM^ ^-^4 2<03f7^aiPiiS8 
4 2 f *a«LT:*7#AAn4 2bfc:8iaW-S. 
f£, :*7#7.i4. 3j-7^AP4 2b36»4.»aj$ixTH 



[0077] — a*WT^IlSft*SSUi. t-X4 

2<nmm.%xu4 2 c*^ju^^B4 otx 1 ). las 

SMAP4 2 c^Si^tEa^nsfe+ffi^JCRSW 
4 1 C^i|^«rjiaLT^4»0+ffi*BBKaW4 
1 BfcSBt-t*. &$£M#4>£*J80£gB»4 1 C£3I 
iW*HL 9Siffi«tt, *-*4 2tiJ:tf*-y-f -f 

954 l f . 4 1 gfcH4*ifc»#-e*-5T, +as*Kfc 
«*f4 1 crtii. tftkm^^f^ y 7-954 1 

f fcj: oT*»*BBfc 3*iTH**>T. ««H3IW«4»2 
**DKaW4 l ck:tiv^*W*»feS«fc:ies»ilrr4 

[0 0 78] *3aft#»fc*Nvtfc, 
^+S*JBRitH4 1 C^ffl^WtcilSti-iiOtcM 

lt. SE*K«aw4 1 ccDMttimizm 

s£LTi>9 , BulB^l^HSS^^tPI^ SWiSlflck* 

[ 0 0 7 9 ] m^x. m%tycr>m4cr>mijmmiz'o^x 

«tmt&. H7 (a) 14, *^«0H4<7)||Sfe^©t« 
£Jn?g§£H<0Ml. (b) (4. *<98»fflHT*4. 

H7 tqrr j: 3 ic, *mmmizi%hwmm.5 014. 

5 1 fc , £<a4»£*BBKS*f 5 1 *sWR 
tt$fUfe^-^5 2*^TL"C^S. 
[0080] tp&kMS8ffit5 1 «4. BKHrVvif -yf 

■f •<y^U"C»J«S*l"CV^. -!r-X5 2<D-m 

&WC0±JjtiLmzli . ^ 7 Sr 5 2 rt t^A-t 
4^7^"XAP5 2a*<|g(t^Ti3'5, ^-X5 2cO 

ffi^gpffiy^T*-{aatw{4. *7tix*>r-x5 2-h>hm 

$,'t&*7tfXl]in5 2btfBi&ZtlX^&. ZhlZ. 
7--X5 2comSf§SP0B^i3(t4^-7^xaiP 5 2 b#t£ 
(t^^TV^fi[S<7)±^{4, S£^M*^-X5 2|*I 
lzm.A-?&&m£S*Jk P 5 2 c <bixT *3 *) . 7-- 
X 5 20-S95(itt>(t4^-7^XAP 5 2 acOT^: 

14. &m£&m\sMztix%&to&£&zmiii-tz>-iim 
ssnitin 5 2 dtfmit>tix^z . ^ss^n^ff 5 1 

(4. f£«SmAP5 2ci54t/Jnig^mtliP5 2d^ 

W5 1J4. 7--*5 2|*jfc:*JVvt, £±(-«gpffll± 
^r) *»^*T (ftSffi^ffiHT^r) izftlix. 7-X525: 

[0081]it, *2£*S0fig|S1*5 1 fcfi»t4-JS« 
W^>!K«yr-Y y^a5i4. f—A5 2lZtm2>*7/fXA 
P 5 2 a tcaat-^-i 4 0 IZB&Z tlXX*). *2M*:J^ 

su»5 iiz&v&im&miztnf&#vT4 >?mz. 
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*r-x 5 2\,zn\,-t&*7tfx&n 5 2 dd^-t* <t 0 

[ 0 0 8 2 ] ^-X5 2|*lfciEl££*m^4'£ 
*M^a5»5 10ffll;fr(c(4. +S*M^gB«5 1(0^ 
^•[6ltC»o-CPiSgP«5 2e*iffil5§fLT^S„ £<OH 
SSfftt 5 2e(l ir-X 5 2 rtc7)±TgB##-E-*l-f fl^ 
^*t^^*t^-r-l.<J:3lcL^3&^^--X5 2l*l$rttflJo 
T^&. ZLX. ^-X5 2<0±^^A$ix^^ 
SUi, «fS*K«IM5f5 1 5 

[0083] *S8M0B!Kfc:*$Vvrii. P*EpT*-f *7 
#X(4. ^-A5 2te*J»t*5i-7^fXAP5 2a*»6>- 
-X5 2l*J(3*A£fU>. 3r-X5 2f*|£»A3;h.fc* 

7#xte. $&&KSB8m5 w-m&miz&v&m* 

L%^*7tfttXa*1tLX'&SSM&imtt5 1 fit 
z£ASiU>. 

[0084] *£*IS3ig|5*f 5 1 FtycSSASft*:*:?^ 

ttSPfcrPfiiLJ'i^^^xfi, ^5 2tcfcttS*7^ 
xa}P5 2bfca»U tf^tfXffiPS 2bA><b^ffi$ 

*vcb i c^nawaosut^tBeB 3 1 0 . 

[0085] M*ePT'*rrf£*s£5U4. ^- X 5 

2 C*5(t6SSSfl^«ittAP 5 2 c *>&>-X 5 2 |*J(;:» 
AS*i4. <8*£*SAP5 2ctt, ^-X5 2fc&(t 

0-L3rfc»A3*t* . ^-X 5 2 rt«±*t«A?^ 
£ilSSLT\ ^-X 5 2 l*J<7)T*{4S^IH-& . 

7*fxtcomx'*-ft3mtfftfrtix, MiftZtixwSQ 

[0086] zcotz. #&&i&mm$:mm-&&m 

mTti . *Q&m:&%m 5 1 tfwnm t zm 
lx t . it 7 tixtfm^ttftt&m^mmm- 
&iifa(?>%?ftmrfBmim%.zti2>}>wx'ii%\ l \ l 
*>u tmss&tf mm- &1jM&. ^<tU7^ 



[0087] d (= LT^2^,^>-X 5 2l*lfc 

&(t&*£*ffit5lSgW* 5 1 SriisS-fS i i: fc 4 ~>X*7 

ifxbofsx'AittjmwiTJbtL. imgBsjtfimasz&k 

Zco^UizH^X , $a&£Mi:*7;#Xi:f43£JI 

[ 0 0 8 8 ] iXtC. #f|BJfcD3S 5 ^Hifi^^tCO^TSJ 
08 (a) 14. *^BJ^5^M^®^-& 

an^s^ftss. ( b ) (4. *<?>immmx&&. m 

8 tc^-T i 3 (c . *9gftiBfltfc:ffi S Jnig^S 6 0 {4 . * 
6 1 1 , d Wtf^^^gPff 6 1 iWKIftS 
*Ut^-X6 2**t"CV^4. ^-X6 20|*JgB 

[0 089] 4»£*J8t3M6 1(4. H^LftV^/T- 

■T<>?'LXBf8.ZtiX^&. y-X6 2<V-i% 

»fflkOWS*|ftI+iWajSfc:t±. ^7^X$r^-X6 2|*l 
IcWA-T 5 * 7 ^X A P 6 2 a #>*t£tt ii>ixT 0 . *r- 

^--X 6 2 *^*pai-r ■5.^7^'xaiP 6 2 b *>'^$tL 
TV>^>. ^-X62<0ff!l^Wcfc(tl.^7^ 
XtilP6 2b*i|Sft^il-CV^{4ac7)±^c(4. 
MSr^-X 6 2f*Hc^A-r&Se**£*AP6 2 c^'IStt 
^TiiO . ^-X6 2<F>-mbW,Z&Yth*7tfXX 
□ 6 2 a^mii ^^«* s Ja^$fiT^4JnS2£ 
^.Sr#ai-rSiDii^aiP6 2cl*>'iS{t^aT^I»o * 
S*M^gBW6 1(4. dix^<Ol£^MAP6 2ci5j; 
tXJnig^tflP6 2 d(c|*£ft£JBrCffii££*rO->&. 

J f L k%2>XolzLxmStZtiX^&. 
[ 0 0 9 0 ] 4fc, «f S*flg^lS»6 1 fcfc(t4-SB« 
MfiOsK -y-r-f V^"SC(4. ^-X6 2 Cfcltl 1 *7^A 
P6 2a(;S&«-rSj;d(c^$ixTJD , 3. 
gPW6 ltcfcttl.ffi^Wcfcft^^' yx^ y^SP(4. 
^--X 6 2 CtJltS^r^^xaiP 6 2 b J; d 

-^fflit(4. m^L%^*7*fxmj.atfB&ztix 

fcO. A!lSgrai(-(4^>(4O0^L^V^7^'X»iEti5P^ 
[009 1]ffi^. 7--X6 2mzWikZtlX^Z>*g. 

famimie icofio^(c(4. ^*n^gp«6 ict)^ 

*-[6j(C?tt- 5 T|iSag|5W6 2e*>'i;iS?nT^I». -^PS 
«gBW6 2e(4. ^-X6 2l*I^±T^* s '?-^m^ 
^^®$r*H#-r •& J:5C L%Wt> y-X 6 2 rt^ftflJo 
TV>S. -eUT, ^-X6 2<0±^(c#A$^ia^ 
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-?T^4. 

[0 0 9 2] £tz. ir-X6 2(*KClEi&§ftTV'>44>£ 

*dBDKiff&6 1 <?>±.mm. ^yi-yyru- h 6 3# 

tf>£S?tfL6 3a, 6 3a-ll *£*§?3?gBtt 6 1«5 

[0093] aWBHBBIIMcfeV^Ttt, S^WC^cM"? 
y-^.6 2^H-45f7^XAD6 2a*^^ 

-X 6 2 rtlCj£A£:fx4 . y-X 6 2 rt(c#A§*ifc:t 

L^^7^SSEAPS-^LT«f^*lll^a5»6 1 flic 
#A§ft4. 

[0094] «f S*mgP»6 1 rt(=*A-3*ifc*7tf 
^X£tJP6 2btcaaL. 5t"7^HJP6 2b3&»4>»tiJ 

[00953 m^x^-iws&mi. 6 

A3*i4. 9g«^«SKAP6 2cli, 3r-*6 2fc:*Jtt 
4±^{C|ft»t4><XTV^O-C. 9S»£i!Ui*-.*6 2rt 

%fl^Ui. ^°>-f-yi/rk-h6 3ic?{i-5T7K :s F^ 

fc fc fcfc, rty+y7TV- V 6 3 
il^M6 3a, 6 3a-Sra-3TWam»-r*. - 

[00 9 6] ^<yf-y^ru-h6 3fc:*J»t4SESl7L6 
3a, 6 3a-*^-LTiK6Lfc<6«^»«. *<^)44 

«6 1 +25*«Oi1-BI£SISLT, ^-^ 6 2l*l<DT:frft 

ortoa *aaw-4 * ^ #x k ^)Brc*^saii3Wf *>n 

[0097] znt s . #£*Jt«oJ1^£irat-4«» 
4*ifti t m&Wjfot ztix v>4 . 



[0098] Z\<Dii o tz LTflaitffiSW^^-^ 6 2 rtfc: 
fe*t4+2£*KJK»» 6 1 SrilSS-TS £ 4: fc «fc oT*7 

#x t <vffix'*tt3mtfft£>ti, &fm^mmg$(.b 
&4. znmnizm^x . &®&nb*7#xbii£m 

-thft$ttzT®mLtctf h*ft*mtf'ttbixX ^4 . Lfr 

HIlR-r -6 £ fc 4 tf)T\ *BJK**i*Lh§-£4£ 4: 
#TS4. 

[0099]$ fete, :*WJ*o»6tf>ia«§8IMcovve 
KW*-*. 09 (a) *f^a£6«>mE0B£ffi 

SiD^S^fHSH. (b) «U *cr>immmx'2>&. 
129 lz9rrti 3 Hz. *mw&miz& 4 fln^HS 7 0(i. 
4*OtfS*it*aiW7 1 , 7 1-t. £ftfe<04>£* 
^gp«7 1 . 7 l-3WI«ttSilJt>--^7 2SrWLT 

[0100] 4^+£*§BK«»7 1 ti. H-*xHtt 

rv^*. y-x 7 2 <o-«§g«o;i;$ *rfi]^*{i 

#X\U12a., 7 2a-*Wt6*lT^«. — 
-X7 20flfeSjg|»«^WS*-|ta4»*fil[M^is ^7^"X 
5:^r-X7 2*^^!±!-rS4-o«0^7^*XtfcSP7 2b, 
7 2b•••*>'^^nTV^I>„ ^-X7 2(7)« 

gBffljfcJo{t4^7*'xaiP7 2 b , 7 2b-imVt>tl 

TV^&ffiB<o±art:tt. fe^S^^^-x7 2W;SLA 
-T4l£^MAP72c ! 7 2c-*>'IS{t^tlTfcO, 
^r-X7 20-SiggPra{Cfc(t4^7^XAP7 2 a, 7 
2a-cOT*fc{S. S£^^'jDig$ixT^4M^m 
£#Fffi-f£M12fUi}P7 2d, 7 2d-*m^t 
^4. 4^S*«I5KB«7 1, 7 1-J±, Ztl^cO^tm 
MAP 7 2c, 72c--t>,fctXJn^mtiJP72d, 7 
2d»-fc|*4*i4JErci2ftS*VC^4. U^^oT, «t« 
S*!Sma5«7 1 . 7 fi^^rmMlHr^i:* 
4«kotcLTffiS$iXT^4. 

[oioi] ttz. 1 . 7 l-tcaw- 

4-«ggBIBI^>y7 i -f y^g?<i, ^r-X7 2tciJft4^ 
7#XAP7 2a, 7 2 a--fc*ft«tfWN-4 J: 3 £ 
JBS$*LTV^4. +2E*il3K»«7 1 , 7 

fc(t4fl!!^gl5ffl!l^tt4^ y7 i -f >^(±. t-^7 2 
tc*i*t45r7^ajP7 2b, 7 2b-(cflMM-*J:? 
(ZjettdtLTV^. §4>tC. <C2*HaW7 1, 7 1- 
fc:*itt4— aBBMfctt, HSL s Sr^*7Xrxa[AP*^ 

[0 102]flfi^T. ^-A7 2rt(CtJV 1 >T4'S*M^^ 
«7 1 , 7 1-Ht, *T*l*HCJfe5!H=i!»$#i"r*J0, 
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^ii^<o*£*JBt5fcgB#7 1 , 7 1-«J;tmSb 
fcKSSftfc+SifelRSWf 7 1 . 7 1-ty-X7 2(0 
ISHctt . HMSItt* 7 2 e iffi&ZtiX ^* . i cOHMSB 
#7 2 e (4. X 7 2 rt«±TSMhtf^*iWMWS 
JBSItfirt-* J: 3 tc L*#4> 7 2 rtfcttfljo TV^ 
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